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Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A survey of the land resources of 36,343 ha covering the Carnarvon 
Land Conservation District and an adjoining portion of Boolathana 
station was conducted to assist future land use planning and 
management. 
 
This report describes the soil, landform and vegetation conditions of 
land units shown on an accompanying 1:50,000 scale map.  These 
land units are components of land systems previously mapped at 
1:250,000 scale for the Carnarvon Basin by Payne et al. (1987). 
 
As part of the study, further, more detailed land resource mapping 
and land capability assessments were conducted at specific 
locations.  Land use planning and management considerations 
arising from that work have been extrapolated to the broader scale 
mapping herein covering the entire study area.  The three major land 
use issues of concern are: 
 
• grazing or stockholding on special leases: 
• land release for horticulture; and 
• future urban development. 
 
The report provides a framework against which current and future 
land uses can be examined in relation to their compatibility with the 
condition and capability of the land resources.  It is primarily 
intended as a reference document for people concerned with land 
use and land management decisions within the area.  These include 
the Carnarvon Land Conservation District Committee; the 
Department of Agriculture, Western Australia, rangeland advisers; 
land use planners and land administrators. 
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Objectives 
The objectives of this study were to 
assist in future land use planning 
and management within the 
Carnarvon Land Conservation 
District and an adjoining portion of 
Boolathana station (Figure 1). The 
study area is characterized by 
extensive tracts of sparsely 
vegetated very low relief terrain 
with saline, erodible soils which are 
susceptible to flooding. Within the 
area there are examples of serious 
land degradation resulting from land 
use activities which have been 
inappropriate for the environment. 
 
The survey was initiated in mid 
1987, in response to a request from 
the Carnarvon office of the 
Department of Agriculture, to assist 
in the resolution of a number of 
recurring land use issues and to help 
prevent further land degradation. 
The major issues were: leasing of 
Crown land for grazing or 
stockholding, additional land 
release for irrigated horticultural 
crops and land requirements for 
urban expansion. 
 
The work comprised a field survey 
to describe and map, at 1:50,000 
scale, the soil, landform and 
vegetation resources of the area. In 
addition, an assessment was made 
of the capability of the land to 
sustain rangeland grazing by sheep 
and cattle. This was determined by 
the same methods as used for 
pastoral stations within the 
Carnarvon Basin (Payne et al. 
1987), but based on the land unit 
mapping and the area'’ current 
erosion status and vegetation 
condition. 
 
Within key areas, shown on Figure 
1, more detailed mapping at scales 
of 1:10,000 to 1:25,000 and 
associated land use capability 
assessments were done. Full results 
of this work are presented 
elsewhere (Wells and Oma 1987; 
Wells, Oma and Holm 1987; Wells 
1989 and Wells and Bessell-Browne 
1990). The principal land use 
planning and management 
considerations arising from these 
works have been collated here using 
a 1:50,000 scale mapping to provide 
a regional framework in which 
current and future land use can be 
examined. 
Location 
Carnarvon is situated just south of 
the Tropic of Capricorn, 
approximately 960km north of 
Perth on the North West Coastal 
Highway. The study area (Figure 
1) covers 36,343 ha and extends 
from Oyster Creek, about 4 km 
south of Carnarvon township, to 
Bejaling Shoals some 28 km to 
the north. The western boundary 
is the Indian Ocean and the inland 
boundary is formed by Blowholes 
Road, the North West Coastal 
Highway, and the approximate 
boundary of the Carnarvon 
Shire’s town planning scheme 
(Drake and Smith 1987). 
 
The major part of the study area 
(about 25,170 ha) covers the 
Carnarvon Land Conservation 
District as gazetted on March 13, 
1987. The district encompasses 
the township of Carnarvon, the 
irrigated plantations along the 
margins of the Gascoyne river, 
some conservation reserves, and 
large areas of Crown land mainly 
north of the river which are, or 
have been, subject to short term 
special leases for grazing or 
stockholding. 
 
The remaining 11,170 ha are 
covered by pastoral leases, 
mainly Boolathana station, north 
of the Land Conservation District. 
This northern area was included 
in the study at the request of the 
Carnarvon Shire because it 
contains land with potential for 
urban and industrial uses should a 
deep water port be developed at 
Bejaling shoals (Claughton 1986). 
 
 
Climate 
An understanding of the climate 
within the study area is important 
to land use planning and 
management. Climatic factors 
strongly influence the risk of land 
degradation since the principal 
agents of erosion are flooding and 
wind. Regeneration of land 
following disturbance is also 
influenced by climatic factors. All 
forms of agricultural land use rely 
on plant growth which is 
primarily determined by climatic 
conditions. To a lesser extent, 
urban development can be 
influenced by climate 
Figure 1. The study area showing locations of detailed surveys. 
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through market demand for more 
favoured microclimatic conditions.  
The area's climate is classified by 
Beard (1976) as 'semi desert 
Mediterranean' using the classifica- 
tion methods of Bagnouls and 
Gaussen (1957). The area is charac- 
terized by hot summers and mild 
winters and fits the common defi- 
nition of' arid' because insufficient 
rain falls for cropping in any sea- 
son, mean annual rainfall is below 
250 mm and zero rainfall can be 
recorded in any month.  
The following discussion of 
temperature, rainfall and winds has 
been mainly summarized from the 
reports of Payne et al. (1987) and 
Johnson (1974) which in turn are 
based on Bureau of Meteorology 
data.  
 
Temperature  
Mean monthly maximum and 
minimum temperatures recorded at 
Carnarvon are given in Figure 2. 
Maximum temperatures are high- 
est in February (32°C) and lowest 
in July (21.9°C). Inland areas have 
higher maximum temperatures and 
lower minimums because of the 
absence of the ameliorating effect 
of diurnal sea breezes. Close to 
Carnarvon, the warm winter cli- 
mate and absence of frosts enables 
the established horticultural plan- 
tations to produce, with irrigation, a 
wide variety of tropical and tem- 
perate zone fruits and vegetables. 
Carnarvon is particularly important 
as a source for much of the State's 
out-of-season vegetable supply.  
 
Rainfall  
The average annual rainfall is about 
230 mm with an evaporation 
potential of 2,180 mm. Most rain 
falls in winter months when rain 
bearing fronts from the Indian 
Ocean interact with mid-level tropi- 
cal disturbances approaching from 
the north-west. Irregular cyclonic 
storms may however, precipitate 
heavy rain during late summer. 
Mean monthly rainfall recorded at 
Brickhouse station, near the eastern 
boundary of the study area, is 
shown in Figure 3.  
 
 
 
Figure 2. Mean maximum and mean temperatures at carnarvon.  Source:  
Bureau of meterology data cited in Payne et al. (1987). 
 
 
 
 
 
 
 
 
 
Figure 3. Mean monthly rainfall at Brickhouse station.  Source:  Bureau of 
Meterology data cited in Payne et al. (1987). 
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In such an arid environment, 
rainfall is the limiting factor in 
plant growth. Even in the wettest 
years rainfall never approaches the 
area’s evaporation potential, so that 
plant growth is confined to limited 
periods of available soil moisture 
following rainfall. Within the 
rangelands there is commonly a 
pattern of predominantly winter 
pasture growth owing to summer 
rains being rarely effective because 
of rapid evaporation. The 
infrequent heavy summer rains are, 
however, vital because they trigger 
shrub germination and many other 
biological events that cannot take 
place in winter. 
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Winds 
Seasonal and diurnal differences in 
wind conditions experienced at 
Carnarvon are illustrated by wind 
rose diagrams (Figure 4). In 
summer the prevailing winds are 
usually south to south-westerlies 
averaging 18 to 30km/h* and 
ranging up to 60km/h. Winter 
winds are lighter, with the average 
wind velocity dropping to 10-
15km/h, and there are extended 
calm periods. Winter winds are 
mainly from the south-east in the 
morning, shifting towards south-
west in the afternoon. 
 
Carnarvon periodically experiences 
gale force winds and heavy rainfall 
associated with the passage of 
cyclones. There have been nine 
cyclones between 1934 and 1974 
(Department of Northern 
Development 1974). Cyclones are 
most common in January, February 
and March when winds up to 70-
100 km/h and gusting to 180 km/h 
are usual, and may last up to 12 
hours. In terms of the risk of wind 
erosion the most damaging winds, 
both cyclonic and ‘normal’, are 
likely to occur during summer. 
 
 
 
 
 
*All wind velocity data is from Logan and 
Cebulski (1970) cited in Johnson (1974). 
 
Figure 3. Wind rose diagrams for Carnarvon.  Source:  Logan and Cbulski 
(1970) cited in Johnson (1974). 
 
Pysiography and geology 
The area forms part of the broad 
coastal plain of Quaternary 
sediments along the western 
margin of the Carnarvon Basin 
(Condon 1967). The geology of 
the area is well documented and 
has been mapped at a scale of 
1:250,000 (Denman and van de 
Graaff 1982). The geomorphology 
has also been comprehensively 
studied (Johnson 1974). 
 
The dominant feature is the 
Gascoyne River, and although the 
river has a large catchment of 
approximately 79,000 km2 (Allen 
1972), its flow is intermittent and 
unreliable. The river rises 
approximately 650 km inland on 
the Precambrian Shield, flowing 
westwards for 400 km across 
Precambrian volcanics and 
granites to the edge of the 
Carnarvon Basin, and then across 
younger sedimentary rocks for 
250 km to the coast (Johnson 
1974). The eastern boundary of 
the study area is approximately 19 
km from the river mouth. 
 
The area encompasses the lower 
reaches of the Gascoyne River 
delta which is comprised of 
sediment transported from the 
upper reaches by flood waters and 
reworked over time by wind, wave 
and tidal action. The land is 
mainly flat, sparsely vegetated and 
interrupted only by the Brown 
Range, a north-south trending 
series of dunes up to 10 m high 
located east of Carnarvon. Brown 
Range is associated with Brown 
Delat, a probable Pleistocene 
feature related to a former position 
of the Gascoyne River (Johnson 
1974). 
 
To the north-west the study 
encompasses an extensive area of 
Holocene coastal dunes and beach 
ridges (Bejaling Beach Ridges) 
characterized by undulating 
terrain with low shrubland 
vegetation. Further inland and 
northwards the study area includes 
saline plains which are associated 
with marine, lacustrine and 
aeolian deposition around Lake 
MacLeod. 
The land systems which form the 
parent mapping units for this 
study have been described and 
mapped at 1:250,000 scale within 
the Carnarvon Basin by Payne et 
al. (1987).  At a broader level 
Payne et al. (1987) also delineate 
geomorphic districts using criteria 
set by Mabbutt (1968, 1973) 
whereby regional landforms are 
classified by surface type as 
erosional or depositional, and then 
further divided on the basis of 
relief or genesis. 
 
Within the current study area all 
lands are of a depositional surface 
type and three geomorphic 
districts encompassing 10 land 
systems are represented (Figure 5 
and Table 1). Table 2 relates these 
land systems to the nearest 
equivalent geological units as 
shown by Denman and van de 
Graaff (1982) (Figure 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1. Geomorphic districts and land systems of the study area (after Payne et al. 
(1987). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Landform/genesis Geomorphic district Land systems 
Area* 
approximately km2 
Aeolian Coastal dunes Coast 60 
Fluvial Alluvial lplains River 38 
  Delta 136 
  Sable 6 
  Brown 34 
  Lyell 4 
  Littoral 25 
Lacustrine and Lake MacLeod and saline MacLeod 16 
marine plains Chargoo 16 
  Warroora 22 
* From mapping by this study. 
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Figure 5. Geomorphic districts of the study area (as defined, in terms of their component 
land systems, by Payne et al. (1987) but delineated from mapping produced by the current study). 
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Table 2. Land systems and corresponding geological units of the study area. 
Land system¹ Description Geological² Description 
Coast Coastal dunes and undulating beach 
ridge plain  
Qs Holocene. Beaches, coastal dunes – grey/white, 
unconsolidated and poorly consolidated quartz sand 
to quartzose lime sand 
River Narrow seasonally active floodplain 
levees Gascoyne river 
Qa Holocene. Alluvium; deposits of Gascoyne river – 
clay, silt, sand and gravel 
Delta Broad floodplain of Gascoyne River Qa As for River land system 
  Qpe (minor) as for description Qpe Sable land system 
Sable Alluvial plains with occasional sandy 
rises 
Qpd Holocene. Claypans with minor dunes – clay silt 
and sand, minor pebbles 
  Qpe Holocene. Dunes with common claypans – silt, sand 
and clay 
  Qa/Tt Holocene alluvium shallowly overlying Middle 
Miocene, Trealla limestone – calcirudite to 
calcilutite 
Brown Sandy plains with sparse longitudinal 
dunes 
Qeb Pleistocene to Holocene. Beach ridges and dunes 
associated with sediments of the Brown Delta 
Lyell Sandplain, reticulate dunes and saline 
interdunal plains 
Qe Pleistocene to Holocene. Longitudinal and network 
dunes and residual sandplains – reddish brown to 
yellowish quartz sand 
Littoral Tidal and supratidal flats, sand islets 
and fringes 
Qm Holocene. Tidal flats and mangrove swamp – 
calcareous clay, silt and sand 
  Qt Holocene. Supratidal flats – calcareous clay, silt and 
sand and authigenic gypsum and superficial algal 
mats and salt crusts 
  Qs (minor) as for Qt Littoral land system 
MacLeod Broad saline plains with sandy banks 
and low rises above saline slopes and 
bare mudflats 
Qg Holocene. Aeolian sand, calcareous, commonly 
gypsiferous and/or clay rich 
  Qp Holocene. Claypans – poorly sorted clay, silt, sand 
and minor pebbles 
Chargoo Flat saline alluvial plains with large 
claypans subject to temporary 
inundation 
Qp As for MacLeod land system 
  Qpd As for Sable land system 
Warroora Saline alluvial plains with minor 
areas of limestone 
Qb1 Pleistocene. Lower marine unit of Bundera 
Calcarenite – calcarenite to calcirudite, coralgal reef 
deposits, shallow marine 
  Qe (minor) as for Lyell land system 
¹ Reference:  Payne et al. (1987). 
² Reference:  Quobba Sg 49-4 1:250,000 scale geological map sheet (Denman and van de Graaff 1982). 
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Figure 6. Geology of the study area. 
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Survey Methods Land units, representing 
components of the ten land systems 
as defined by Payne et al. (1987), 
were mapped over the whole area 
by stereoscopic interpretation of 
1987 colour aerial photography at 
1:250,000 scale. These photos 
were supplemented by 1983 colour 
aerial photography at 1:10,000 
scale for the areas adjacent to the 
Gascoyne River and around 
Carnarvon townsite. Tentative 
boundaries were located according 
to variations in vegetation, 
topography and soil conditions 
reflected by differences in pattern, 
tone and texture on the photos. 
Sites were then selected for field 
examination from within 
representative areas. This 
technique is documented by White 
(1978). 
 
Field survey work was conducted 
between July 1987 and September 
1988 to obtain soil profile, 
landform and vegetation 
descriptions at 456 sites. Field 
descriptions were generally made 
in accordance with the standards 
and terminology of the Australian 
Soil and Land Survey Field 
Handbook  (McDonald et al. 
1984). Data were recorded on a 
portable laptop NEC computer and 
subsequently downloaded to the 
Department’s PDP-11 computer in 
Perth where data storage retrieval 
and analysis is conducted with 
WARIS programs (Rosenthal et al. 
1986). 
 
After checking the preliminary 
mapping against the results of field 
work, land unit boundaries were 
determined and a map legend 
compiled. Land unit boundaries 
were transferred from individual 
aerial photographs to a distortion-
corrected photomosaic 
transparency at the same scale. 
Preliminary maps could then be 
generated to assist map verification 
and report writing. The mapping 
linework and major cadastral 
features were then digitized from 
this controlled photomosaic for 
final map production at 1:50,000 
scale. 
Landform 
 
Landform or land surface 
characteristics such as slope 
gradient, surface soil condition and 
erosion status were described or 
assessed at each site. In the land 
unit descriptions which follow the 
type of landform (e.g. dune, plain), 
other topographic conditions and, 
where relevant, the relationship to 
other land units or land systems are 
described. 
 
Soils 
At each site, soils were hand 
augered to a minimum depth of 1.5 
m and, where possible, classified 
according to the Factual Key 
System of Northcote (1979). 
Features including colour, texture, 
depth, consistence, structure, 
fabric, pH and stone or gravel 
content were recorded for each soil 
layer (horizon). Properties such as 
drainage status and permeability 
were generally inferred from these 
data. Some soil samples were taken 
to characterize salinity, particularly 
near the irrigation area, and these 
results are summarized in the 
horticultural capability report 
(Wells and Bessell-Browne 1990). 
The land unit descriptions in the 
following section outline the soils 
as follows: 
Description – Largely 
according to the 
terminology of Northcote et 
al. (1975), with additional 
details relating to soil colour 
and, where relevant, the 
depth to, and nature of 
underlying buried soil 
materials. 
Classification – Main principal 
profile forms classified 
according to the Factual 
Key nomenclature of 
Northcote (1979). 
Surface texture – Texture 
groups according to 
McDonald et al. (1984). 
Drainage – Drainage class 
according to McDonald et 
al. (1984). 
 
Erosion status 
The qualitative terms nil, minor, 
moderate and severe were used to 
define erosion status at each site. 
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Table 3. Erosion ratings (after Payne et al. 1987) 
Rating Description 
Nil No erosion. 
Minor Some loss of soil surface (1-2 cm) with small scalds, litter redistribution and scattered breaking of the surface seal on parts of the site. 
Moderate Most or all of surface removed leaving soft or loose material. Large isolated scalds and hummocks. Stripping of soil surface by wind 
action results in build-up of soil material against objects. 
Severe Most or all of surface removed, commonly leaving only hard subsoil material. Major deflation of soil surface with large continuous scalds 
with polished and sealed surfaces. Plant cover very sparse to absent. 
 
There is no consensus in Australia 
on a precise definition of what 
constitutes minor, moderate and 
severe erosion.  However, brief 
descriptions for sheet erosion* 
from Payne et al., (1987) are 
shown in Table 3. 
 
Land units are relatively 
homogeneous with respect to 
erosion status because it is one of 
the attributes used to define or 
delineate land units in this study. 
 
Vegetation 
The vegetation at each site was 
described according to the system 
of Aplin (1979) where the presence 
and relative abundance of species 
within each of four stratum types is 
recorded. These stratum types or 
layers are trees, tall shrubs, low 
shrubs and grasses or herbs. For 
the predominant stratum the 
percentage projected foliar cover 
was described in qualitative terms 
(Table 4). 
 
 
 
* Sheet erosion is the most extensive 
form of erosion in rangeland areas and 
is defined as the relatively uniform 
removal of soil from an area by the 
action of wind or water without the 
development of conspicuous channels. 
 
Table 4. Projected foliar cover 
classes and 
descriptive terms for 
arid shrublands (after 
Curry et al. 1983) 
Term Projected foliar cover 
% 
Very Scattered 0-10 
Scattered 10-20 
Moderately close 20-30 
Close 30-50 
Closed > 50 
 
Pasture type and pasture condition 
were also recorded according to the 
methods of Payne et al., (1987). 
Appendix 1 provides a summary 
description of the pasture types 
used in this study and gives the 
criteria for pasture condition 
ratings. ‘ Pasture type’ is not 
strictly a botanical classification 
because, in determining such a 
class of pastoral lands, the 
perennial plant species that 
contribute to stock production have 
an overriding importance. Even so, 
Payne et al. (1987) consider each 
‘pasture type’ can represent a 
broad working group of similar 
vegetation associations and it has 
been used in this study, along with 
landform and soil conditions, to 
characterize land units. 
 
Pasture condition was ranked in 
qualitative terms from excellent to 
very poor, depending on the 
relative amounts of palatable 
perennial species. Because pasture 
condition is largely determined by 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
previous land use, considerable 
variation can occur from site to site 
within land units. Therefore land 
unit descriptions in the following 
sections show a percentage-wise 
grouping of site results for pasture 
condition. 
 
Range condition 
An assessment of range condition 
was made for each land unit by 
combining the erosion status and 
pasture condition results according 
to the method of Payne et al. 
(1987) shown in Appendix 2. Note 
that in the land unit descriptions, 
range condition, like pasture 
condition, is apportioned as a 
percentage according to site 
results. 
 
Stocking rates 
Suggested stocking rates were 
determined for each land unit 
according to Table 5 where range 
condition is matched with pasture 
type. Variations in range condition 
were allowed for by varying the  
 
Table 5. Suggested stocking rates of pasture types at three condition 
levels* 
 Range condition level 
 Pasture type Good Fair Poor 
 ha/s.u. ** ha/s.u. ** ha/s.u. ** 
Acacia creek-line (ACCR) 1 5 10 
Acacia sandplain (ACSA) 12 16 25 
Bluebush (BLUE) 5 8 16 
Currant bush mixed shrub (CBMS) 5 8 16 
Saltbush (SALT) 5 8 16 
Samphire (SAMP) 25 30 50 
Coastal dune shrub (CDSH) 8 14 25 
Tussock grass (TUGR) 2-6 5-12 25 
* After Payne et al. (1987) except for ACCR which is based on local rangeland 
management experience (A. Holm personal communication). 
* s.u. = sheep units. 
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Stocking rate. The stocking rates 
are based on pasture productivity 
data from the inland Gascoyne 
catchment (Wilcox and McKinnon 
1972) modified by Payne et al. 
(1987) to reflect the more 
favourable climatic conditions near 
the coast. 
 
While range condition considers 
current erosion status, an ‘erosion 
risk or environmental sensitivity’ 
factor was also taken into account 
to determine stocking rates. Zero, 
one third, or half the stocking rate 
values shown in Table 5 have been 
assigned to particular land units in 
recognition of the risk or 
sensitivity factor. For example, the 
primary foredunes within the Coast 
land system, severely eroded or ‘at 
risk’ areas within Delat and River 
land systems, and mangrove 
fringes within the Littoral land 
system are recommended to be left 
unstocked. 
 
Suggested stocking rates for land 
units described as ‘mainly bare’ are 
one-third that shown in Table 5. 
For the relatively high relief 
secondary and tertiary dunes 
within the Coast land system, areas 
of erosive hard-setting red duplex 
soils within the Delta and Sable 
land system, the stocking rates 
have been halved (i.e. doubled 
ha/s.u.). 
 
Grazing capability 
Because stocking rates are 
determined from a consideration of 
both current erosion status and 
erosion risk, as well as pasture 
productivity and pasture value, a 
meaningful ranking of the 
capability of land for rangeland 
grazing is obtained by grouping the 
stocking rates into five classes as 
shown in Table 6.  However, since 
actual pastoral value and 
appropriate stocking of a particular 
pasture at any time varies with 
seasonal conditions, perennial 
pasture condition and the degree of 
recent use, the capability classes 
and stocking rate figures should 
only be used as a guide to the 
productive potential of pasture 
areas. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6. Grazing capability classes and corresponding stocking 
rates 
Capability class for 
rangeland grazing 
 Stocking rate 
ha/s.u. 
 I Very high capability  <5 
 II High capability  5-10 
 III Moderate capability  >10-20 
 IV Low capability  >20-40 
 V Very low capability  >40 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Very low rises on an alluvial plain within Sable land system (land unit Sb1) characteristically 
support a low shrubland of bluebush, Maireana polypterygia, over hard-setting or crusty surfaced 
clacareious red duplex soils. These soils are shallow to moderately deep and are underlain by 
Trealla limestone. Note limestone fragments on soil surface. 
Descriptions of land systems and 
their component land units 
A summary description of the land 
systems and their component land 
units is given in the map legend 
shown in Appendix 3. The land 
units of this study are, in many 
cases, comparable, but not 
identical to those described, but not 
mapped, by Payne et al. (1987). 
Correlation of this report’s land 
units with that earlier work, and 
with the map units from more 
detailed surveys conducted in 
association with this study (Wells 
and Oma 1987; Wells et al. 1987; 
Wells 1987; and Wells and 
Bessell-Browne 1990), are in 
Appendix 4. 
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Brown land system 
 
Sandy plains with sparse longitudinal dunes, supporting tall shrublands of acacias (3,420 ha mapped, 9% of study area): See 
figure 7 and Table 7 (colour photograph on page 52). 
 
 
 
Figure 7.  Brown land system 
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Table 7. Brown land system 
Land unit 
(% of land system) 
Br1 
(49%) 
Br2 
(45%) 
Landform Longitudinal dune ridges mainly orientated N-S. Sandplain and gently undulating dune footslopes. 
Soils   
Description Red siliceous sands, brownish and red earthy sands Firm, red siliceous sands and brownish sands 
Classification Uc1.23, Uc5.11, Uc5.21 Uc1.43, Uc1.23, Uc5.11 
Surface texture Sand Sand 
Drainage Well to rapidly drained Well drained 
Present erosion status Nil to minor Nil to minor 
Vegetation   
Formations and major species Scattered to moderately close shrubland dominated by 
Acacia slerosperma. Tall shrubs: Acacia 
tetragonophylla, A. victoriae and/or Exocarpos 
aphyllus. Perennial grasses: Cenchrus ciliaris 
Scattered to moderately close shrubland of Acacia 
sclerosperma and Acacia ramulosa. Tall shrubs: 
Acacia sclerosperma and Acacia ramulosa. Low 
shrubs: Atriplex amnicola and Ptilotus obovatus. 
Perennial grasses Cenchrus ciliaris 
Pasture type Acacia sandplain Acacia sandplain 
Pasture condition Good 25%, fair 50%, very poor 25% Fair 80%, poor 20% 
Range condition Good 25%, fair 50%, poor 25% Fair 80%, poor 20% 
Suggested stocking rate 17 ha/s.u. 17 ha/s.u. 
Grazing capability class III III 
 
  
Land unit 
(% of land system) 
Br2a 
(5%) 
Br3 
(1%) 
Landform Sanplain and gently undulating dune footslopes Large swales and interdunal depressions 
Soils   
Description Yellowish red or brown calcareous sands, possibly 
overlying limestone within 1 m  
Brownish sands or red earthy sands overlying clay at < 
1 m depth 
Classification Uc1.13 Uc5.11, Uc5.21 
Surface texture Sand Sand 
Drainage Well to moderately well drained Poorly drained 
Present erosion status Nil to minor Nil to minor 
Vegetation   
Formations and major species Scattered shrublands of Acacia tetragonophylla. Low 
shrubs: Atriplex paludosa. Perennial grasses: 
Cenchrus ciliaris 
Scattered shrublands of Acacia sclerosperma. Low 
shrubs: Maireanna spp. Perennial grasses: Cenchrus 
ciliaris. 
Pasture type Acacia sandplain/saltbush Bluebush 
Pasture condition Good Fair 
Range condition Good Fair 
Suggested stocking rate 6 ha/s.u. 8 ha/s.u. 
Grazing capability class II II 
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Chargoo land system 
Flat saline alluvial plains and large claypans subject to temporary inundation; low shrublands of saltbush/bluebush and 
tussock grasslands (1,616 ha mapped, 4% of study area): See Figure 8 and Table 8. 
 
 
 
Figure 8. Chargoo land system. 
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Table 8. Chargoo land system 
Land unit 
(% of land system) 
Cg1 
(35%) 
Cg2 
(13%) 
Cg3 
(52%) 
Landform Playa or extensive claypans Playa or swampy drainage depressions Swampy drainage depressions or 
claypans, commonly with gilgai 
Soils    
Description Non-cracking clays Non-cracking clays Cracking clay, sometimes over buried 
soils at depths > 50 cm 
Classification Uf6.12, Uf1.43 Uf6.12, Uf6.53, Uf1.43 Ug6.3 
Surface texture Light clay Light clay Light to heavy clay 
Drainage Very poorly drained Poorly to very poorly drained Very poorly drained 
Present erosion status Nil to minor Nil to minor Nil to minor 
Vegefotation    
Formations and major 
species 
Extensive bare areas with tussock 
grasslands of Eragrostis australasica. 
Low shrubs: Atriplex amnicola 
Scattered to moderately close low 
shrubland of Atriplex amnicaola, 
Rhagodia eremaea and Atriplex 
spongiosa. Tall shrubs: Acacia 
tetragonophylla 
Scattered low shrubland of Atriplex 
amnicola and Chenopodium 
auricomum. Shrubs: Acacia 
sclerosperma. Grasses: Diplachne 
muelleri 
Pasture type Tussock grass with many bare areas Saltbush with some bare areas Saltbush 
Pasture condition Fair Fair Fair 33%, poor 33%, very poor 34% 
Range condition Fair Fair Fair 33%, poor 67% 
Suggested stocking rate 27 ha/s.u. 8 ha/s.u. 13 ha/s.u. 
Grazing capability class IV II III 
* Stocking rate takes into consideration area is mainly bare – see ‘Methods’ section. 
 
Some areas of Chargoo land system (land unit Cg3) have cracking clay 
soils with a hummocky microrelief and support Diplachne muelleri 
grassland. 
 
Playas or extensive clay flats within Chargoo land system (land unit Cg1) 
characteristically have non-crackling clays and support Eragrostis 
australiasica grassland. 
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Coast land system 
 
Coastal dunes and undulating beach ridge plain (5,963 ha mapped, 16% of study area): See figure 9 and Table 9. 
4 
 
 
 
 
Figure 9.  Coast land system 
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Table 9. Coast land system 
Land unit 
(% of land system) 
Cs1 
(7%) 
Cs2 
(7%) 
Landform Steep sided, hummocky, primary foredunes, and 
adjacent beaches 
Secondary dunes, linear and parabolic, occurring east 
of Cs1 
Soils   
Description Predominantly calcareous sands but with siliceous 
sands near the mouth of the Gascoyne River 
Predominantly calcareous sands but with siliceous 
sands near the mouth of the Gascoyne River 
Classification Uc1.11, Uc1.21 Uc1.11, Uc1.21 
Surface texture Sand Sand 
Drainage Rapidly to well drained Rapidly to well drained 
Present erosion status Minor, locally more severe. High risk due to exposure 
and dune instability 
Minor but high risk due to exposure and dune 
instability 
Vegetation   
Formations and major species Closed shrubland of Nitraria billardierei. Shrubs: 
Olearia axillaris. Perennial grasses: Spinifex 
longifolius 
Close to closed shrubland of Acacia coriacea. Low 
shrubs: Olearia axillareis, Rhagodia preissii, 
Threlkeldia diffusa. Perennial grasses: Spinifex 
longifolius 
Pasture type Coastal dune shrub Coastal dune shrub 
Pasture condition Good 80%, very poor 20% Good 
Range condition Good 80%, poor 20% Good 
Suggested stocking rate Nil* 16 ha/s.u. 
Grazing capability class V III 
* Stocking rate takes erosion risk into consideration – see ‘Methods’ section. 
Land unit 
(% of land system) 
Cs3 
(3%) 
Cs4 
(14%) 
Landform Gently undulating hind dune or interdune flats 
occurring east of Cs2 
Tertiary, linear dune ridge occurring east of Cs2 and 
Cs3 
Soils   
Description As per Cs2, but commonly overlying buried soils at 
depths <1 m 
As per Cs2 
Classification Uc1.11, Uc1.21, Uc1.23 Uc1.11, Uc1.23, Uc1.21 
Surface texture Sand Sand 
Drainage Rapidly to well drained Rapidly to well drained 
Present erosion status Minor Minor, but high risk due to exposure an dune instability 
Vegetation   
Formations and major species Very scattered to moderately close low shrubland, 
usually supporting chenopod species 
Close to closed low shrubland of Scholtzia leptantha, 
Acanthocarpus preissii and Rhagodia preissii. Shrubs: 
Acacia tetragonophylla, Acacia sclerosperma, 
Heterodendrum oleaefolium and Acacia coriacea 
Pasture type Coastal dune shrub Coastal dune shrub 
Pasture condition Good Good 
Range condition Good Good 
Suggested stocking rate 8 ha/s.u. 16 ha/s.u. 
Grazing capability class II III 
* Stocking rate takes erosion risk into consideration – see ‘Methods’ section. 
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Table 9.   (Continued …) 
 
Land unit 
(% of land system) 
Cs5 
(57%) 
Cs6 
(5%) 
Landform Extensive undulating beach ridge plain Sandplain overlying saline alluvial limestone plain 
(merging with Waroona land system) and depressions 
and swales within tertiary dune system. 
Soils   
Description As for Cs2, but also some brownish sands Calcareous sands overlying limestone at > 1 m depth 
within sandplain. Siliceous and brownish sands 
overlying calcareous sands or  calcrete hardpans 
generally at > 50 cm depth within depressions and 
swales 
Classification Uc1.11, Uc1.13, Uc1.23, Uc5.11 Uc1.11, Uc1.21, Uc5.12 
Surface texture Sand Sand to sandy loam 
Drainage Rapidly to well drained Rapidly to imperfectly drained 
Present erosion status Nil to minor Nil to minor 
Vegetation   
Formations and major species Close to closed low shrubland dominated by Scholtzia 
leptantha and Rhagodia preissii. Tall shrubs: Acacia 
sclerosperma and Acacia ramulosa 
Scattered low shrublands or shrubland with Acacia 
coriacea, A. tetragonophylla, Heterodendrum 
oleaefolium, Pimelea microcephala and Ptilotus 
obovatus 
Pasture type Coastal dune shrub Coastal dune shrub 
Pasture condition Good 43%, fair 50%, very poor 7% Good 
Range condition Good 43%, fair 50%, poor 7% Good 
Suggested stocking rate 12 ha/s.u. 8 ha/s.u. 
Grazing capability class III II 
   
Land unit 
(% of land system) 
Cs7 
(4%) 
Cs8 
(5%) 
Landform Sand sheets or sandplain overlying floodplains of 
supratidal flats Gascoyne river (merges with Delta land 
system) 
Sand sheets or sandplain overlying supratidal flats 
(Littoral land system) 
Soils   
Description Brownish sands and calcareous sands Variable, siliceous sands, calcareous sands or earthy 
sands over highly saline littoral deposits 
Classification Uc5.12, Uc1.11 Uc1.2, Uc1.1, Uc5.21 
Surface texture Sand Sand 
Drainage Moderately well to well drained Moderately well drained 
Present erosion status Nil to minor Minor 
Vegetation   
Formations and major species Moderately close to close shrubland dominated by 
Acacia ramulosa. Herbs: Helipterum splendidum and 
Bulbine semibarbata 
Scattered shrubland of Acacia tetragonophylla. Low 
shrubs: Rhagodia eremaea, Saevola spinescens and 
Atriplex amnicola. Perennial grasses: Cenchrus ciliaris 
Pasture type Coastal dune shrub Coastal dune shrub 
Pasture condition Good Good 
Range condition Good Good 
Suggested stocking rate 8 ha/s.u. 8 ha/s.u. 
Grazing capability class II II 
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Delta land system 
 
Floodplains of the Gascoyne river with predominantly saline soils, and supporting low shrublands of bluebush and saltbush, 
widely degraded and eroded (13,567 ha mapped, 37% of study area): See Figure 10 and Table 10. 
 
Figure 10. Delta land system. 
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Table 10. Delta land system 
Land unit 
(% of land system) 
De1 
(7%) 
De1a 
(2%) 
Landform Sandy alluvial plains broad sandy banks Sandy alluvial plains broad sandy banks 
Soils   
Description Brownish sands, reddish brown earthy sands, and less 
commonly sandy red gradational earths 
Similar to De1, but soils become highly calcareous by 
1 m depth and may contain calcrete or shell fragments 
Classification Uc5.21, Uc5.11, Gn2.13 Uc1.13, Uc1.23, Uc5.11 
Surface texture Sand Sand, rarely sandy loam 
Drainage Well drained Well to moderately well drained 
Present erosion status Nil to minor Nil to minor 
Vegetation   
Formations and major species Scattered to close shrublands of variable dominance, 
usually Acacia spp. with an understorey of chenopod. 
Low shrubs: Atriplex amnicola, Chenopodium 
auricomum, maireana aphylla, Saevola spinescens. 
Perennial grasses: Cenchrus ciliaris 
Scattered low shrubland of Maireana polypterygia. 
Tall shrubs: Acacia sclerosperma. Perennial grasses: 
Cenchrus ciliaris 
Pasture type Acacia sandplain/saltbush Bluebush 
Pasture condition Good 46%, fair 38%, poor 16% Good 33%, fair 67% 
Range condition Good 46%, fair 38%, poor 16% Good 33%, fair 67% 
Suggested stocking rate 11 ha/s.u. 6 ha/s.u. 
Grazing capability class III II 
   
Land unit 
(% of land system) 
De2 
(15%) 
De2a 
(1%) 
Landform Alluvial plains Alluvial plains 
Soils   
Description Hard-setting alkaline red duplex soils, and less 
commonly, gradational red earths. 
Friable or hard-setting, alkaline red duplex soils which 
become calcareous by 1 m depth. 
Depth These may overlie buried soils at depths > 50 cm Buried soils or calcrete layers may occur at depths > 50 
cm 
Classification Dr2.53, Dr2.13, Gn2.13 Dr4.13, Dr2.13 
Surface texture Sand to sandy loam Sand to sandy loam 
Drainage Moderately well to imperfectly drained Imperfectly drained 
Present erosion status Minor but high risk because of erosive soils Minor but high risk because of erosive soils 
Vegetation   
Formations and major species Very scattered low shrublands dominated by Atriplex 
spp. or Maireana spp. 
Moderately close to low shrubland of Maireana 
polyterygia, Frankenia pauciflora, Cratystylis and 
Atriplex spp. Shrubs: Acacia victoriae and A. 
tetragonophylla 
Pasture type Saltbush Bluebush 
Pasture condition Good 40%, fair 53%, very poor 7% Fair 
Range condition Good 40%, fair 53%, poor 7% Fair 
Suggested stocking rate 14 ha/s.u.* 16 ha/s.u.* 
Grazing capability class III III 
* Stocking rate takes erosion risk into consideration – see ‘Methods’ section. 
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Table 10.  (Continued …) 
Land unit 
(% of land system) 
De3 
(5%) 
De3a 
(3%) 
Landform Alluvial plains Alluvial plains 
Soils   
Description Red and brown gradational soils, uniform loams and 
less commonly, hard-setting duplex soils. These may 
overlie buried soils at depths > 50 cm 
Hard-setting red duplex soils and coherent loams which 
become highly calcareous by 1 m depth. Buried soils or 
calcrete layers may occur at depths > 50 cm 
Classification Gn4.13, Gn2.13, Um5.4, Um5.5, Dr2.13, Dr2.53 Dr2.53, Um5.61 
Surface texture Loam to clay loam Loam to clay loam 
Drainage Imperfectly drained Imperfectly drained 
Present erosion status Minor Minor, but high risk due to erosive soils 
Vegetation   
Formations and major species Scattered to moderately close low shrubland dominated 
by Atriplex spp., Cratystylis subspinescens and 
Maireana spp. Shrubs: Acacia tetragonophylla and 
Scaevola spinescens 
Scattered low shrubland of Maireana polypterygia, 
Atriplex spp. and Cratystylis subspinescens. Shrubs: 
Acacia  tetragonophylla 
Pasture type Saltbush Saltbush/bluebush 
Pasture condition Good 44%, fair 44%, poor 6%, very poor 6% Good 50%, fair 50% 
Range condition Good 44%, fair 44%, poor 12% Good 50%, fair 50% 
Suggested stocking rate 8 ha/s.u. 14 ha/s.u. 
Grazing capability class II III 
 
Land unit 
(% of land system) 
De4 
(24%) 
De4a 
(5%) 
Landform Alluvial plains Alluvial plains 
Soils   
Description Variable. Originally hard-setting red duplex soils, 
friable sandy red duplex soils, and less commonly 
gradational red earths. All these may overlie buried 
soils at depths > 50 cm. Non-cracking clays on most 
eroded areas 
As per De4 but soils become highly calcareous by 1 m 
depth. Buried soils or calcrete layers may occur at 
depths > 50cm 
Classification Dr2.13, Dr2.53, Dr4.53, Dr4.13, Gn2.13, Uf6.12, 
Uf1.43 
Dr2.13, Dr2.53, Dr4.13, Gn4.13, Uf6.12 
Surface texture Predominantly sand to sandy loam, less commonly clay 
loams to light clay where most eroded 
As per De4 
Drainage Poorly to imperfectly drained As per De4 
Present erosion status Moderate, and high risk because of erosive soils Moderate, and high risk because of erosive soils 
Vegetation   
Formations and major species Moderately close to close low shrublands dominated by 
Atriplex spp., Maireana polypterygia, and Cratystylis 
subspinescens. Shrubs: Acacia victoriae, Hakea 
preissii and/or Acacia tetragonophylla 
 Scattered low shrubland of Atriplex spp., Maireana 
polypterygia, and Halosarcia spp. shrubs: Acacia 
tetragonophylla and/or Acacia victoria and A. 
sclerosperma 
Pasture type Saltbush/bluebush Saltbush/bluebush 
Pasture condition Good 15%, fair 30%, poor 28%, very poor 27% Fair 67%, very poor 33% 
Range condition Fair 15%, poor 85% Poor 
Suggested stocking rate 30 ha/s.u. 32 ha/s.u. 
Grazing capability class IV IV 
* Stocking rates takes erosion risk into consideration – see ‘Methods” section. 
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Table 10.  (Continued …) 
Land unit 
(% of land system) 
De5 
(23%) 
De6 
(3%) 
Landform Alluvial plains with areas of scalds or claypans Discrete scalds or claypans 
Soils   
Description Non-cracking clays and remnants of original soils 
which were predominantly red duplex soils (hardsetting 
or friable, sandy) 
Non-cracking clays 
Classification Uf6.12, Uf1.43, Dr2.13, Dr4.13, Dr4.53, Dr2.53 Uf6.12, Uf1.43 
Surface texture Predominantly light clay, with sand to sandy loam on 
remnants of original surface 
Light clay 
Drainage Imperfect to very poorly drained Poor to very poorly drained 
Present erosion status Severe and high risk due to erosive soils Minor (stable state reached) 
Vegetation   
Formations and major species Scattered low shrubland dominated by Maireana 
polyterygia, Atriplex spp. and/or Halosarcia spp. 
Shrubs: Acacia tetragonophylla, A. victoriae, and A. 
sclerosperma 
Scattered low shrubland of Maireana spp. and 
Halosarcia spp. Shrubs: Acacia tetragonophylla. Very 
sparse 
Pasture type Saltbush/bluebush but many bare areas Mainly bare, minor saltbush/bluebush 
Pasture condition Good 7%, fair 7%, poor 15%, very poor 71% Good 40%, fair 20%, poor 10%, very poor 30% 
Range condition Poor Poor 
Suggested stocking rate Nil* 50 ha/s.u.+ 
Grazing capability class V V 
* Stocking rate takes erosion risk into consideration – see ‘Methods’ section. 
+ Stocking rate takes into consideration area is mainly bare – see ‘Methods’ section. 
 
 
 
Severe erosion on an alluvial plain within Delta 
land system (land unit De5) is a result of 
overgrazing and flooding.  Note the sealed 
surface of the exposed subsoil and the original 
soil surface level. 
LAND RESOURCES SERIES No.9 27
Table 10.  (Continued …) 
Land unit 
(% of land system) 
De7 
(5%) 
De8 
(5%) 
De9 
(2%) 
Landform Channelled drainage zones, channel 
benches and drainage depressions 
Alluvial plains shallowly overlying, 
or merging with supratidal flats 
(Littoral land system) 
Alluvial plain 
Soils    
Description Very variable, commonly non-
cracking clays but also red duplex 
soils, uniform sands and loams 
Friable or hard-setting red duplex 
soils which characteristically 
overlie strongly saline buried soils 
at depths < 1 m 
Reddish brown non-cracking clays 
which overlie buried, usually 
calcareous sands of depths < 1 m 
Classification Uf6, Dr2, Uc5, Um1, Um5 Dr4.53, Dr2.13 Uf6.12, Uf1.43 
Surface texture Variable, commonly clay loam to 
light clay, also sand to sandy loam 
Sand, less commonly sandy loam Light clay 
Drainage Variable, moderately well on 
channel benches, imperfectly to 
poorly in channels and depressions 
Variable, moderately well to poorly 
drained 
Imperfectly to poorly drained 
Present erosion status Minor, but very high risk due to 
channelling during floods 
Minor but high risk due to erosive 
soils 
Minor 
Vegetation    
Formations and major species Scattered tall shrubland of Acacia 
victoriae, Acacia tetragonophylla 
and/or A. sclerosperma. Low 
shrubs: Cratystylis subspinescens, 
Maireana spp. or Atriplex amnicola 
Scattered low shrubland of 
Halosarcia pruinosa, Sclerostegia 
disarticulata or Cratystylis 
subspinescens, with an abundance 
of additional chenopod species 
Scattered low shrublands 
dominated by Halosarcia pruinosa, 
H. peltata and other chenopod 
species. Occasional emergent 
shrubs of Acacia victoriae and 
Cratystylis subspinescens 
Pasture type Acacia creekline Samphire Samphire 
Pasture condition Excellent 11%, good 22%, fair 
44%, poor 11%, very poor 11% 
Good 14%, fair 29%, poor 43%, 
very poor 14% 
Good 25%, fair 50%, poor 25% 
Range condition Good 33%, fair 44%, poor 22% Good 14%, fair 29%, poor 57% Good 25%, fair 50%, fair 25% 
Suggested stocking rate 21 ha/s.u.* 80 ha/s.u.* 34 ha/s.u. 
Grazing capability class IV V IV 
* Stocking rate takes erosion risk into consideration – see ‘Methods’ section. 
 
 
A rangeland monitoring site, within a severely 
degraded area of Delta land system (land unit 
De5) on Sough Common, shows colonization 
of cultivated strips by river saltbush. 
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Duplex soils within Delta land system are par- 
ticularly susceptible to erosion of following  
overgrazing.  This photo shows an area of severe 
land degradation (land unit De5) within Loca- 
tion 227. 
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Littoral land system 
 
Tidal and supratidal flats, sand islets and mangrove fringes (2,478 ha mapped, 7% of study area): See Figure 11 and 
Table 11. 
Figure 11. Littoral land system. 
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Table 11. Littoral land system 
Land unit 
(% of land system) 
Li1 
(10%) 
Li2 
(22%) 
Landform Longitudinal dunes and sandy islets Supratidal flats, marginally higher than Li3 
Soils   
Description Light yellowish brown siliceous sands, rarely 
calcareous sands 
Variable, strongly alkaline alluvial soils, commonly 
with a light yellowish brown or light reddish brown 
clay or silty clay layer overlying buried sands within 
0.5m. In limited areas the clays are mantled by 
siliceous sands. 
Classification Uc1.2, Uc1.1 Uf1.43, Uf6.5, Uc1.23 
Surface texture Sand Light clay, clay loam or sand 
Drainage Well to rapidly drained  Poor to very poorly drained 
Present erosion status Minor, locally more severe Minor, locally more severe 
Vegetation   
Formations and major species Scattered low shrubland of Rhagodia eremaea. Tall 
shrubs: Acacia spp. and Scholtzia leptantha. 
Very scattered low shrublands dominated by 
Halosarcia spp. Occasional low shrubs of Maireana 
spp. and Atriplex spp. 
Pasture type Coastal dune shrublands Samphire 
Pasture condition Fair Good 75%, poor 25% 
Range condition Fair Good 75%, poor 25% 
Suggested stocking rate 14 ha/s.u. 31 ha/s.u. 
Grazing capability class III IV 
   
Land unit 
(% of land system) 
Li3 
(58%) 
Li4 
(10%) 
Landform Supratidal mud flats Emergent and intertidal flats. Mangrove fringes. 
 
Soils   
Description Variable, strongly alkaline alluvial soils, commonly 
with a mottled clay or silty clay layer, which may be 
shelly, overlying buried grey sands at depths > 0.5m 
Clays or clayey sands shallowly overlying dark grey 
sub-littoral sands 
Classification Uf1.43, Uf6, NSG* Uf1.31, NSG* 
Surface texture Light to heavy clay, sometimes covered by a thin black 
algal mat 
Clay or clayey sands 
Drainage Very poorly drained Very poorly drained 
Present erosion status Mino Nil to minor, but vegetative cover very important for 
stability against tidal action. 
Vegetation   
Formations and major species Very scattered low shrubland dominated by Halosarcia 
spp. with occasional shrubs of Frankenia sp., and 
Muellerolimon salicorniaceum. Bare areas are common 
Closed forest of Avicennia marina. Low shrubs: 
Sarcocornia quinqueflora 
Pasture type Samphire -- 
Pasture condition Good 29%, fair 42%, poor 29% Not relevant (inaccessible) 
Range condition Fair 58%, poor 42% Not relevant (inaccessible) 
Suggested stocking rate 38 ha/s.u. Nil** 
Grazing capability class IV V 
* Alluvial soils – no suitable group. 
** Stocking rate takes importance of mangroves in terms of providing stability into consideration – see ‘Methods’ section. 
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Supratidal flats (foreground) of Littoral land 
system (land unit Li3), with a low shrubland 
dominated by Halosarcia spp. merging into 
tidal flats (land unit Li4), are dominated by t
mangrove Avicennia marina. 
he 
Within Littoral land system, the soil 
surface of the supratidal flats is often 
soft and powdery in mounds at the base 
of plants but cracked and hardset in 
scoured areas in between. 
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Pg 35 
 
 
Salt water mangrove, Avincennia marina, 
emergent flats, Littoral land system. 
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Lyell land system 
 
Sandplains and reticulate dunes and saline interdunal plains supporting tall and low acacia shrublands and saltbush. (Only 
minor area represented here) (391 ha mapped, 1% of study area): See Figure 12 and Table 12. 
 
Figure 12. Lyell land system 
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Table 12. Lyell land system 
Land unit 
(% of land system) 
LL1 
(53%) 
LL2 
(47%) 
Landform Low dunes Sandplain swales and margins of dunes 
Soils   
Description Yellowish brown calcareous sands Yellowish brown calcareous sands 
Classification Uc1.11, Uc1.12., Uc1.13 Uc1.12 
Surface texture Sand Sand 
Drainage Rapidly drained Well drained 
Present erosion status Nil to minor Nil to minor 
Vegetation   
Formations and major species Scattered to moderately close mixed shrubland of 
Acacia tetragonophylla and A. sclerosperma. Low 
shrubs: Scholtzia leptantha. Perennial grasses: 
Cenchrus ciliaris 
Scattered to moderately close low shrubland of 
Rhagodia latifolia and Atriplex paludosa. Shrubs: 
Acacia tetragonophylla. Perennial grasses: Cenchrus 
ciliaris 
Pasture type Coastal dune shrub Coastal dune shrub 
Pasture condition Good 33%, fair 67% Good 50%, fair 50% 
Range condition Good 33% , fair 67% Good 50%, fair 50% 
Suggested stocking rate 12 ha/s.u. 11 ha/s.u. 
Grazing capability class III III 
 
 
Low dunes with a mixed shrubland dominated 
by Acacia tetragonophylla and Acacia 
sclerosperma are characteristic of Lyell land 
system (land unit LL1). 
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MacLeod land system 
 
Broad saline plains, with sandy banks and low rises above saline slopes and bare mudflats; bare surfaces and low shrublands 
of samphire and saltbush (1,624 ha mapped, 4% of study area): See Figure 13 and Table 13. 
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Table 13. MacLeod land system 
Land unit 
(% of land system) 
Mc1 
(24%) 
Mc2 
(67%) 
Landform Saline plains Saliane plains 
Soils   
Description Pale brown to very pale brown calcareous sands 
overlying gypsiferous hardpan within 1 m depth. Sands 
have a significant silt or clay fraction 
Strong brown to reddish yellow clay loams or clays 
(alluvial soils), less commonly loams, overlying buried 
soils or gypsiferous hardpan within 50 cm depth 
Classification Uc1.11 -- 
Surface texture Sand to clayey sand Clay loam to light clay or silty clay, less commonly 
loam 
Drainage Poorly drained Poorly drained 
Present erosion status Nil to minor Nil to minor 
Vegetation   
Formations and major species Moderately close to closed low shrubland of 
Halosarcia peltata. Shrubs: Frankenia spp. 
Scattered low shrubland of Halosarcia peltata and H. 
halocnemoides with occasional shrubs of Maireana 
spp. 
Pasture type Samphire Samphire 
Pasture condition Good 50%, fair 50% Fair 
Range condition Good 50%, fair 50% Fair 
Suggested stocking rate 28 ha/s.u. 30 ha/s.u. 
Grazing capability class IV IV 
   
Land unit 
(% of land system) 
Mc3 
(2%) 
Mc4 
(7%) 
Landform Claypans and mudflats which are seasonally inundated Sandy banks, sand sheets and sandy islets within 
mudflats, largely representing windblown deposits 
from adjacent land systems 
Soils   
Description Not sampled (presumed to be alluvial silts and clays) Sandy banks, sand sheets and sandy islets within 
mudflats, largely representing windblown deposits 
from adjacent land systems 
Classification -- -- 
Surface texture Presumed silty loam to light clay Sand 
Drainage Very poorly drained Well to rapidly drained 
Present erosion status Nil to minor Nil to minor 
Vegetation   
Formations and major species Very scattered low shrublands dominated by 
Halosarcia spp. 
Moderately close low shrubland of Scholtzia leptantha. 
Tall shrubs: Acacia tetragonophylla, Stylobasium 
spathulatum and Exocarpos aphyllus. Perennial 
grasses: Cenchrus ciliaris 
Pasture type Mainly bare, some samphire Acacia sandplain 
Pasture condition Fair Good 
Range condition Fair Good 
Suggested stocking rate 90* ha/s.u. 12 ha/s.u. 
Grazing capability class V III 
* Stocking rate takes into consideration area is mainly bare – see ‘Methods’ section. 
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LAND RESOURCES SERIES No.9 39
River land system  
 
Narrow, active floodplain levees of the Gascoyne river, supporting moderately close tall shrublands or woodlands of acacias 
and fringing communities of coolibah (Eucalyptus coolabah) and river gum; predominantly non-saline soils (3,767 ha 
mapped, 10% of study area): See figure 14 and Table 14. 
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Table 14. River land system 
Land unit 
(% of land system) 
Ri1 
(24%) 
Ri2 
(39%) 
Landform Terrace plain, levees and backplains to the Gascoyne 
River 
Terrace plains, levees and backplains to the Gascoyne 
River 
Soils   
Description Red earthy sands and, less commonly, red siliceous 
sands and sandy gradational red earths 
Red earthy loams and, less commonly, gradational red 
earths 
Classification Uc5.2, Uc5.3, Uc1.23, Gn2.13 Um5.52, Um5.51, Um5.2, Gn2.13, Gn4.13 
Surface texture Sand, less commonly sandy loam. Rarely, a thin 
(<20cm) flood deposited loam veneer is present 
Sandy loam to loam, less commonly clay loam 
Drainage Well drained Moderately well to well drained 
Present erosion status Minor Nil to minor 
Vegetation   
Formations and major species Scattered tall shrubland dominated by Acacia 
sclerosperma. Trees: Eucalyptus camaldulensis or E. 
coolabah. Low shrubs: Atriplex spp. Perennial grasses: 
Cenchrus ciliaris 
Moderately close shrubland dominated by Acacia 
sclerosperma. Tall shrubs: Heterodendrum oleaefolium 
or Exocarpos aphyllus. Low shrubs: Cratystylis 
subspinescens or Atriplex spp. 
Pasture type Acacia creekline Acacia creekline 
Pasture condition Good 15%, fair 46%, poor 24%, very poor 15% Good 22%, fair 50%, poor 14%, very poor 14% 
Range condition Good 15%, fair 46%, poor 39% Good 32%, fair 50%, poor 18% 
Suggested stocking rate 6 ha/s.u. 5 ha/s.u. 
Grazing capability class II II 
   
Land unit 
(% of land system) 
Ri3 
(10%) 
Ri4 
(5%) 
Landform Terrace plains, levees and back-plains to the Gascoyne 
river 
Channelled and scoured drainage zones, channel 
benches and drainage depressions within or adjacent to 
main levee surface 
Soils   
Description Reddish brown non-cracking clays Variable, most commonly red earthy loams, often 
overlying buried soils within 1 m  
Classification Uf6.12, Uf1.33 Um5.52 
Surface texture Light clay, less commonly a clay loam Clay loam, less commonly sandy loam 
Drainage Imperfectly to poorly drained Variable, moderately well to well drained on channel 
benches, imperfectly to poorly in channels and 
depressions 
Present erosion status Nil to minor Minor, but very high risk due to channelling during 
floods 
Vegetation   
Formations and major species Scattered to close shrubland of Acacia sclerosperma. 
Trees: Eucalyptus camaldulensis/E. coolabah. Low 
shrubs: Cratystylis subspinescens, Muehlenbeckia 
cunninghamii, Maireana aphylla and Atriplex spp. 
Scattered tall shrubland dominated by Acacia 
sclerosperma. Occasional emergent trees: Eucalyptus 
sp. Perennial grasses: Cenchrus ciliaris 
Pasture type Acacia creekline Acacia creekline 
Pasture condition Good 38%, fair 38%, poor 24% Good 25%, poor 50%, very poor 25% 
Range condition Good 38%, fair 38%, poor 24% Good 25%, poor 75% 
Suggested stocking rate 5 ha/s.u. 16 ha/s.u. 
Grazing capability class II III 
* Stocking rate takes erosion risk into consideration – see ‘Methods’ section. 
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Table 14.  (Continued …) 
Land unit 
(% of land system) 
Ri5 
(5%) 
Ri6 
(5%) 
Mri7 
(12%) 
Landform Elongate sand dunes and ridges 
(prior levees) 
Very low flood scoured terraces 
and channels associated with 
Gascoyne River 
Low flood scoured terraces and 
occurring above Ri6 but below 
main levee surface 
Soils    
Description Red siliceous sands Not sample, presumably deep 
uniform red siliceous sands 
Red earthy sands and red earthy 
loams 
Classification Uc1.23 -- Uc5.21, Um5.22 
Surface texture Sand Sand (presumed) Sand to sandy loam 
Drainage Rapidly drained Well to rapidly drained (presumed) Well drained 
Present erosion status Minor, but high risk due to 
exposure and dune instability 
Severe, and very high risk due to 
frequent erosion by floods 
Minor, locally severe, and high risk 
due to exposure to frequent 
flooding 
Vegetation    
Formations and major species Very scattered tall shrubland of 
Acacia sclerosperma. Low shrubs: 
Rhagodia latifolia, Atriplex 
amnicola. Perennial grasses: 
Cenchrus ciliaris 
Scattered shrubland of Acacia 
scleronsperma and very scattered 
trees: Eucalyptus camaldulensis 
and E. coolabah. Perennial grasses: 
Cenchrus ciliaris 
Scattered low woodland dominated 
by Eucalyptus camaldulensis and 
E. coolabah. Low shrubs: Capparis 
lasiantha. Perennial grasses: 
Cenchrus ciliaris 
Pasture type Acacia sandplain Acacia creekline Acacia creekline 
Pasture condition Good 40%, fair 20%, very poor 
40% 
Fair Fair 
Range condition Good 40%, fair 20%, poor 40% Poor Poor 
Suggested stocking rate 36 ha/s.u.* Nil* 20 ha/s.u.* 
Grazing capability class IV V III 
* Stocking rate takes erosion risk into consideration – see ‘Methods’ section. 
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Sable land system 
 
Nearly flat alluvial plains with occasional sandy rises, low shrublands of saltbush and Gascoyne bluebush and some acacia 
shrublands (647 ha mapped, 2% of study area): See Figure 15 and Table 15. 
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Table 15. Sable land system 
Land unit 
(% of land system) 
Sb1 
(26%) 
Sb1a 
(5%) 
Landform Very low relief rises on alluvial plain underlain by 
Trealla limestone 
Eroded margins of unit Sb1 
Soils   
Description Hard-setting or crusty calcareous red duplex soils and 
gradational calcareous earths overlying limestone 
Friable or crusty calcareous duplex soils overlying 
limestone 
Classification Dr2.53, Dr1.1, Gc1.21 Dr4.13, Dr1.1 
Surface texture Sandy loam to loam Loam 
Drainage Imperfect to moderately well drained Imperfectly drained 
Present erosion status Nil to minor but high risk due to erosive soils Moderate and high risk due to erosive soils 
Vegetation   
Formations and major species Moderately close low shrubland of Maireana 
polyterygia. Shrubs: Acacia victoriae 
Similar to Sb1 but many bare areas 
Pasture type Bluebush Bluebush 
Pasture condition Good Fair 
Range condition Good Poor 
Suggested stocking rate 10 ha/s.u.* 32 ha/s.u.* 
Grazing capability class II IV 
* Stocking rate takes erosion risk into consideration – see ‘Methods’ section. 
Land unit 
(% of land system) 
Sb2 
(57%) 
Sb3 
(8%) 
Sb4 
(4%) 
Landform Alluvial plain Alluvial plain Claypans and seasonally inundated 
drainage foci 
Soils    
Description Hard-setting red, non calcareous 
duplex soils 
Hard-setting red, non calcareous 
duplex soils 
Not sampled – likely to be non-
cracking clays 
Classification Dr.2.5 Dr2.5 Uf1.3 
Surface texture Sand Sand Clay 
Drainage Imperfectly drained Moderately well drained Poorly drained 
Present erosion status Nil to minor, but high risk due to 
erosive soils 
Nil to minor, but high risk due to 
erosive soils 
Nil to minor 
Vegetation    
Formations and major species Close low shrubland of Maireanna 
polypterygia and Atriplex paludosa 
Moderately close low shrubland 
dominated by Maireana 
polypterygia and Rhagodia spp. 
Tall shrubs: Acacia sclerosperma, 
Acacia tetragonophylla 
Scattered to moderately close low 
shrublands of Cratystylis 
subspinescens, Halosarcia spp. and 
Frankenia spp. Shrubs: Exocarpos 
aphyllus 
Pasture type Bluebush Bluebush Currant bush mixed shrub, with 
some bare areas 
Pasture condition Good 50%, poor 50% Good Poor 
Range condition Good 50%, poor 50% Good  
Suggested stocking rate 20 ha/s.u.* 10 ha/s.u.* 16 ha/s.u. 
Grazing capability class III II III 
* Stocking rate takes erosion risk into consideration – see ‘Methods’ section. 
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Warroora land system 
 
Saline alluvial plains with minor areas of sand and limestone, supporting tall acacia shrublands and low shrublands of 
saltbush, bluebush and samphire (2,161 ha mapped, 6% of study area): See Figure 16 and Table 16. 
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Table 16. Warroora land system 
Land unit 
(% of land system) 
Wr1 
(16%) 
Wr2 
(12%) 
Landform Sandplain and sandy banks Sandplain 
Soils   
Description Dark brown to strong brown calcareous sands. Calcareous, brownish and earthy sands overlying 
buried soils with shell fragments at depths > 50 cm 
Classification Uc1.13 Uc1.13, Uc5.11, Uc5.21 
Surface texture Sand Sand 
Drainage Well drained Moderately well to well drained 
Present erosion status Nil to minor Nil to minor 
Vegetation   
Formations and major species Scattered to moderately close low shrubland of 
Rhagodia spp., Stylobasium spathulatum and Atriplex 
spp. Shrubs: Acacia tetragonophylla. Perennial grasses: 
Cenchrus ciliaris 
Scattered to moderately close low shrubland of Atriplex 
spp., Cratystylis subspinescens, Maireana spp. and 
Frankenia spp. Shrubs: Exocarpos aphyllus and Acacia 
tetragonophylla. Annual herbs: Tetragonia diptera, 
bulbine semibarbata 
Pasture type Coastal dune shrub Saltbush/bluebush 
Pasture condition Fair Good 75%, fair 25% 
Range condition Fair Good 75%, fair 25% 
Suggested stocking rate 14 ha/s.u. 7 ha/s.u. 
Grazing capability class III II 
   
Land unit 
(% of land system) 
Wr3 
(27%) 
Wr4 
(20%) 
Landform Alluvial plain Alluvial plain 
Soils   
Description Calcareous red duplex soils or gradational calcareous 
earths which overlie buried calcareous sands at depths 
< 1 m 
Shallow (< 50 cm) reddish brown non-cracking clays 
or red duplex soils overlying coarse brown or pale 
brown calcareous sands. Limestone or calcrete 
fragments may be encountered within 1.5 m depth 
Classification Dr4.53, Gc1.22 Uf6.12, Dr2.13 
Surface texture Sand Light clay or very shallow (< 25 cm) layer of sand over 
clay 
Drainage Imperfectly to poorly drained Imperfectly to poorly drained 
Present erosion status Nil to minor Nil to minor 
Vegetation   
Formations and major species Close to closed low shrubland of samphire (including 
Halosarcia halocnemoides) Cratystylis subspinescens, 
Frankenia spp. 
Scattered shrubland of Atriplex spp., Exocarpos 
aphyllus. Low shrubs: and Halosarcia spp. 
Pasture type Samphire Saltbush 
Pasture condition Good Good 67%, poor 33% 
Range condition Good Good 67%, poor 33% 
Suggested stocking rate 25 ha/s.u. 7 ha/s.u. 
Grazing capability class IV II 
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Table 16. (Continued …) 
Land unit 
(% of land system) 
Wr5 
(10%) 
Wr6 
(15%) 
Landform Saline plain Sandplain 
Soils   
Description Very shallow (< 25 cm) clays or loams overlying 
calcrete or gypsiferous hardpans 
Reddish brown calcareous sands overlying limestone 
within 1 m 
Classification Uf1.4, Uf1.3, Um1.3 Uc1.13 
Surface texture Light clay to loam Sand  
Drainage Very poorly drained Moderately well drained 
Present erosion status Nil to minor Nil to minor 
Vegetation   
Formations and major species Scattered to moderately close low shrubland of mixed 
Halosarcia spp. 
Scattered low shrublands of Atriplex spp. and 
Sclerostegia disarticulata. Shrubs: Acacia 
tetragonophylla (occasional) 
Pasture type Samphire Saltbush 
Pasture condition Fair 50%, poor 50% Good 50%, poor 50% 
Range condition Fair 50%, poor 50% Good 50%, poor 50% 
Suggested stocking rate 40 ha/s.u. 11 ha/s.u. 
Grazing capability class IV III 
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Land use planning and 
management considerations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Grazing or stockholding on spe-
cial leases 
Crown land between the horti- 
cultural area and pastoral stations 
to the north and east of Carnarvon, 
has been used under Section 116 of 
the Land Act 1933 (WA) for 
grazing or stockholding purposes 
for at least the past 50 years. Much 
of this land has erosion affected 
portions of Delta land system. This 
is one source for the dust problems 
regularly experienced in 
Carnarvon and the plantations. The 
largest areas have been leased, for 
various periods, to provide short 
term stockholding land. These 
areas include Locations 227, 228, 
229 and 319. 
To the north of these leases, 
Reserve 6084 has been subjected 
to some unauthorized stock use in 
the past. In 1973 the commissioner 
of Soil conservation recommended 
that the activities of all leases 
adjoining this reserve be checked 
and monitored to eliminate such 
use and to allow the degraded 
eastern portion to recover. 
In 1980 the Department of 
Agriculture, Western Australia, 
and the then Department of Lands 
and Surveys* undertook a survey 
of special leases to the north of the 
town of Carnarvon to assess 
erosion status, pasture condition 
and to determine appropriate 
stocking rates to ensure range 
stability. The report (Holm and 
Russell 1981) drew attention to 
significant areas of erosion and 
pasture degradation resulting from 
overgrazing. The inadequacy of 
the paddock sizes and their 
boundaries within these locations 
was highlighted. The report 
recommended that stock be 
excluded from the most degraded 
areas to permit pasture 
regeneration and that guidelines, or 
a plan for pasture management, be 
drawn up between the lessee and 
officers from those Departments. 
Such a plan would need to be 
revised from time to time and take 
into account Department of 
Agriculture stocking rate 
recommendations and the 
occasional need to destock parts of 
leases during adverse climatic 
conditions. 
 
*Now Department of Land Administration. 
 
Although Locations 228 and 229 
were destocked in 1985, leases have 
subsequently been granted over 
parts of these locations and little 
progress made, prior to this survey, 
towards any guidelines or plan for 
pasture management. A system of 
rangeland monitoring sites has been 
installed, however the Department 
of Agriculture’s commitment to 
monitoring such sites on pastoral 
stations is likely to mean that 
monitoring of these special leases 
will be infrequent and possibly 
ineffective. 
In 1987, the Carnarvon Land 
Conservation District, which 
previously covered only the 
township and its environs 
(particularly the South Common 
area), was expanded to incorporate 
the plantations and the North 
Common special leases and 
reserves. This was done in 
recognition of land degradation 
issues encompassed by the 
expanded area, and in order to focus 
community and government 
attention on those issues. 
 
Results and recommendations 
 
This report provides an inventory of 
the soil, landform and vegetation 
resources of the special lease and 
reserve areas. Erosion status, 
pasture and rang condition 
descriptions are provided, in the 
section on ‘Description of land 
systems and their component land 
units’ for each land unit, and these 
data have been used to derive 
grazing capability classes. The five 
capability classes are roughly 
synonymous with the pastoral 
values used by Payne et al. (1987), 
except that erosion risk or erosion 
susceptibility are taken into 
account. Table 17 on page 56 shows 
the capability class results for all 
land units under range conditions at 
the time of survey. 
A list of the land units within each 
of the six largest locations or 
reserves within the North Common, 
together with areas and 
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Table 17. Land capability results for rangeland grazing 
Capability Stocking rate Land units 
I < 5 - 
II 5-10 Br2a, Br3, Cg2, Cs3, Cs6, Cs7, Cs8, Del1a, De3, Ri1, Ri2, Ri3, Sb1, Sb3, Wr2, Wr4 
III > 10-20 Br1, Br2, Cg3, Cs2, Cs4, Cs5, De1, De2a, De3a, Li1, LL1, LL2, Mc4, Ri4, Ri7, Sb2, Sb4, Wr1, Wr6 
IV > 20-40 Cg1, De4, De4a, De7, De9, Li2, Li3, Mc1, Mc2, Ri5, Sb1a, Wr3, Wr5 
V > 40 or nil Cs1, De5, De6, De8, Li4, Mc3, Ri6 
recommended stocking rates under 
a rangeland pastoral management 
system, are shown in Appendix 5. 
These data, along with the 
percentage of each location or 
reserve subject to erosion, are then 
summarized and compared with 
results from the study by Holm and 
Russell (1981) in Table 18. Note 
that the suggested stocking rates in 
this report supersede those 
associated with preliminary 
mapping over Locations 228 and 
229 (Wells et al. 1987).   
 
Figures from Appendix 5 and 
Table 18 show that 4,236 ha or 
38% of the land within Locations 
227, 228, 229 and 319 (forming the 
bulk of what is usually referred to 
as the ‘North Common’) is 
moderately to severely eroded and 
in its current pasture condition 
could sustain 550 sheep units. In 
the survey by Holm and Russell 
(1981) the same area was estimated 
to be able to sustain 564 sheep 
units. 
 
Table 19 is a summary of the 
current erosion status for all land 
units while Table 20 on page 57 
shows those land units which are 
particularly at risk of further 
erosion if their vegetative cover is 
depleted by either overgrazing or
  
Table 18. Comparison of  eroded areas and carrying capacities 1981-1990 
  Holm and Russel (1981) This study 
 Area 
(ha) 
% eroded Carrying capacity 
No.’s 
% eroded* Carrying capacity
No.’s 
Reserve 6084 3,388 20 20 15 232 
Location 227 4,4426 18 232 24 246 
Location 228 1,838 41 103 41 103 
Location 229** 1,396 57 93 32 81 
Location 385 472 - - 45 41 
Location 319 3,3346 61 136 59 120 
* Areas moderately or severely affected by erosion (i.e. land units De4, De4a, De5, Sb1a). 
** After 1981 two areas, Location 385 and Reserve 36616, were excised from Location 229 and hence a direct comparison of data from 
1981 to this study is not valid. 
Table 19. Erosion status for all land units 
Category Land units 
Nil to minor Br1, Br2, Br2a, Br3, Cg1*, Cg2, Cg3, Cs5, Cs6, Cs7, De1, De1a, Li4, LI1, LI2, Mc1, Mc2, Mc3*, Mc4, Ri2, Ri3, Sb1, Sb2, 
Sb3, Sb4, Wr1, Wr2, Wr3, Wr4, Wr5, Wr6 
Minor Cs2, Cs3, Cs4, Cs8, De2, De2a, De3, De3a, De6, De7, De8, De9, Li3, Ri1, Ri4, Ri5 
Minor, locally more 
severe 
Cs1, Li1, Li2, Ri7 
Moderate De4, De4a, Sb1a 
Severe De5, Ri6 
* Although these land units may be largely bare, a stable state exists. 
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Table 20. Land units with a high or very high erosion risk to bare soil* 
Category Land unit Likely causal agent 
High Cs1, Cs2, Cs4, Ri5 Wind 
 De2, De2a, De3a, De4, De4a, De5, De8, Sb1, Sb1a, Sb2, Sb3 Wind, or water by overland flow during major floods 
 Li4 Water, tidal action 
 Ri7 Water by overland flow during floods 
Very high De7, Ri4, Ri6 Water by channelled flow during major floods 
* Risk associated with overgrazing or clearing. 
 
Clearing. With the map, these data 
provide the essential framework 
for a pastoral management plan. 
In relation to Gascoyne Abattoir, 
stocking rates determined for a 
rangeland pastoral management 
system are difficult to apply. Often 
the land is required for short 
periods when large numbers of 
stock are spelled before slaughter, 
rather than being required 
throughout the year for a smaller 
number of stock. It is not 
appropriate to consider that 100 ha 
of land with a suggested stocking 
rate of 8 ha/s.u. (i.e. supporting 
12.5 sheep units throughout the 
year) could equally support 12.5 x 
365 + 4,562.5 sheep units, for just 
one day. The stocking rates used in 
this report are intended as a guide 
to both the productive potential of 
the land, and as an indicator of 
carrying capacities appropriate for 
the sustainable use of the land’s 
soil and vegetation resources. 
 
Actual grazing value, and hence 
appropriate stocking of particular 
areas, at any time varies 
enormously with seasonal climatic 
conditions, perennial pasture 
condition, the quality and 
distribution of stock watering 
points and the degree f recent use. 
Nevertheless, given the magnitude 
of sheep numbers required to be 
spelled prior to slaughter, 
(maximum 6,000) and the results 
from Table 18 which show no 
significant improvement in the 
carrying capacity of the land since 
Holm and Russell’s survey, it is 
apparent that the current system of 
stockholding is inadequate.  
 
It is recommended therefore that a 
management plan, as proposed by 
Holm and Russell (1981) be 
developed using the mapping and 
capability classes provided by this 
report as a framework, and that it 
incorporates the following: 
• An intensive stock holding 
area where animals are hand 
fed and the soil surface 
protected from wind erosion 
by a suitable cover or 
surface mulch (e.g. coarse 
river sand to at least 15 cm 
depth) which is regularly 
moistened to minimize dust. 
The intensive holding area 
would be subject to the 
licensing requirements of 
the Environmental 
Protection Authority in 
terms of noise, smell and 
off-site pollution aspects. 
 
• The removal of stock from 
areas which are moderately 
or severely eroded. 
 
• A fencing programme for 
any other areas utilized 
under a rangeland grazing 
regime, whereby paddocks 
are designed with due 
consideration to the nature 
capability of their 
component land units, to 
water supply points, and to 
the logistics of stock 
transport to the abattoir’s 
intensive holding area. 
 
• A fencing and vegetation 
programme for as much of 
the most severely degraded 
areas as is possible. 
 
• An effective monitoring 
programme designed to 
provide objective 
assessments of indicators 
and trends in pasture 
condition and erosion status 
in order to assess 
appropriate stocking sites in 
particular paddocks. 
Monitoring should be 
conducted frequently 
(annually) because of the 
likelihood of sudden large 
fluctuations in stock 
numbers held prior to 
slaughter. This would also 
provide the lessee with 
regular feedback to allow 
more gradual, rather than 
sudden, manipulation of 
stock numbers between 
rangeland grazing and 
intensive feedlotting. 
The Carnarvon Land Conservation 
District Committee (LCDC) is an 
appropriate body through which 
the management plan could be 
developed and implemented. The 
management plan will need to be a 
cooperative venture between the 
lessee or lessees, local government, 
the Department of Agriculture and 
the Department of Land 
Administration, under the general 
direction of the LCDC. It will 
require, and is already receiving, 
government assistance in the form 
of physical and technical advice. 
Land release for horticulture 
The release of crown land for 
horticultural purposes is controlled 
by the Department of Land Admin-
istration which receives technical 
advice from various government 
 
bodies, including the Water Auth-
ority of Western Australia and the 
Department of Agriculture, 
Western Australia. Availability of 
water for irrigation is the primary 
consideration within the study area 
and this is limited to aquifers 
beneath the bed of the Gascoyne 
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river. Water for irrigation is 
rationed by the Water Authority, 
with individual blocks receiving an 
allocation of up to 10,000 kL of 
water per month. 
 
The amount of water allocated to 
individual blocks has determined 
the amount of land put under 
irrigated crops. Within the existing 
horticultural area the average 
plantation size in 1980 was 10.7 
ha* and most plantations used a 
system of flood irrigation. 
However, with more efficient 
irrigation techniques, more land 
can be utilized from the same 
water allocation and some growers 
(particularly those with below 
average sized blocks) are exerting 
pressure on the State government 
to release more land for 
horticulture. 
 
The Department of Agriculture has 
a policy of ‘where possible to 
provide sufficient land to existing 
land holders within the intensive 
horticulture zone to enable them to 
maximize the efficiency of use of 
their water allocation’, (personal 
communication, A. Holm, 
Regional Manager, Carnarvon 
Office, Department of 
Agriculture). There are, however, 
three factors apart from water 
availability that need to be 
considered prior to any further land 
release for irrigated horticulture. 
 These are: 
• the risk of erosion and crop 
damage during flood events 
• soil drainage conditions 
• soil salinity and the risk of 
groundwater salinization. 
 
Flooding equivalent to that 
experienced in 1980 can be 
expected to occur in the lower 
Gascoyne delta, on average, once 
every fifteen years. Total crop loss 
in that flood was assessed at 
$906,000 (Sinclair, Knight and 
partners 1981). 
 
*Sinclair, Knight and Partners (1981) 
With respect to soil drainage, 
experience elsewhere in Western 
Australia (P.R.Geoge, Western 
Australian Department of Agri-
culture, personal communication) 
has shown that irrigation on duplex 
soils or clays is fraught with 
problems which can only be 
overcome with intensive 
management, i.e.: 
 
• ensure the rate water 
application does not exceed 
saturated hydraulic 
conductivity of subsoil 
• possible incorporation of 
gypsum and mounding of 
plants 
• possible out pumping of 
aquifer. 
 
Furthermore, within the surface 
horizon of duplex soils, capillary 
rise of salts from any temporarily 
perched water table can be rid, 
causing an accumulation of salt on 
the surface which is likely to 
prevent seedling establishment. 
 
Irrigation of saline soils also has 
problems. Even though heavy 
irrigation may leach salts away 
from the plant root zone in saline 
soils, their use for irrigated 
horticulture cannot be recom-
mended without knowledge of the 
effect salt leaching has on the 
groundwater systems. Salt leached 
from soils within Delta land system 
might for example, cause ground-
water salinization in areas closer to 
the river. Salts which are merely 
leached deeper into the soil may 
also reappear in surface soils as a 
result of groundwater pressures 
from the outflow of irrigation in 
adjacent areas. 
 
In addition to these factors, there 
are significant areas of land within 
the current intensive horticulture 
zone which are not used for 
irrigated cropping and which might 
be considered prior to any new 
land release. A detailed soil survey 
and land capability assessment of 
these areas, and of land adjoining 
the existing zone, was therefore 
conducted as a discrete part of this 
study. Its purpose was to address 
the salinity and erosion factors and 
to provide a framework for the 
Department of Agriculture to pro- 
 
vide advice on land release for 
horticulture (Wells and Bessell-
Browne 1990). 
 
Results and recommendations 
 
The results and recommendations 
from the horticultural capability 
study of soils adjacent to the 
plantations are detailed in the 
report by Wells and Bessell-
Browne (1990). They present 
mapping at 1:15,000 scale with the 
mapping units being components 
of three soil associations. A 
correlation between those mapping 
units and the ones described herein 
for the 1:50,000 scale mapping, is 
given in Appendix 4. Relating the 
more detailed map units to those 
described in this publication allows 
some recommendations to be 
extrapolated to include (at broader 
scale) land within the existing 
plantations, and land which is just 
outside the detailed study area. The 
recommendations are as follows: 
 
1. Any expansion of horticulture 
within the study area, as a 
result of either new water 
allocations or more efficient 
use of existing allocations, 
should be primarily directed to 
those areas of River land 
system which are non saline, 
most freely drained and have 
the least susceptibility to 
erosion during flooding (land 
units Ri1, Ri2). 
 
2. Channelled drainage zones 
(land units Ri4, De7) or very 
low flood scoured river 
terraces and channels (land 
unit Ri6) present a very high 
risk of erosion during flooding 
and should not be used for 
horticulture. These areas 
should be maintained clear of 
rubbish and debris to permit 
passage of flood waters. 
 
3. Low river terraces and sandy 
islets marginally below the 
main levee surface (land unit 
Ri7) present a high risk of 
erosion during flooding and 
should not be released for 
future horticulture. Existing 
horticultural properties in 
these areas should concentrate 
on bananas or perennial tree 
crops which require minimum 
cultivation and are least 
susceptible to erosion. 
 
4. Because of the general risk of 
erosion from flooding of the 
Gascoyne river, minimum 
cultivation should be 
encouraged for all areas of 
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River land system where 
annual vegetable crops are 
grown. 
 
5. Floodplains of the Gascoyne 
River which are characterized 
by predominantly duplex, or 
uniform fine textured, saline 
alkali soils (land units De2, 
De2a, De3, De3a, De4, De4a, 
De5, De6, De8, De9) should 
not be used for horticulture. 
Although sandy alluvial plains 
and broad sandy banks (land 
units De1, De1a) might be 
inherently capable of 
horticultural use, they are 
unsuitable as they are 
surrounded, and most likely 
underlain, by saline soils. 
 
6. A 100 m wide buffer strip, 
adjacent to the Gascoyne 
River in front of McGlade 
road, should be appropriately 
zoned to guard against river 
bank erosion and to prevent 
clearing of existing vegetation. 
 
Table 21 shows the land units 
which are particularly at risk, in 
their current land use condition, 
from erosion caused by flooding of 
the Gascoyne River. 
 
Future urban development 
 
Despite the general lack of 
topographic relief, periodic flood-
ing and high summer temperatures,  
 
 
 
 
 
 
 
 
 
Carnarvon has maintained a steady 
growth in population which has led 
to demand for further urban and 
industrial land. Existing urban 
areas in Carnarvon are situated on 
Secondary Island, to the south-east 
of the Fascine around Massey Bay, 
and east along the Gascoyne River 
in the area known as east 
Carnarvon (Figure 17 on page 60). 
Options for future development are 
discussed in the ‘Report of the 
Steering Committee of the 
Planning and Coordinating 
Authority, Carnarvon’, (Planning 
and Coordinating Authority 1980), 
and in the ‘Gascoyne River Flood 
Management Strategy’ (Sinclair, 
Knight and Partners 1981). These 
options are: 
 
• Babbage Island 
• Brown Range 
• East Carnarvon 
• South Common 
• Secondary Island/Fascine area 
• South Brown Range 
• North of river. 
 
There are development constraints 
associated with all of these options, 
with flooding from the Gascoyne 
River being the primary 
consideration. The major part of 
the existing town site, including 
east Carnarvon and the airport, is 
protected from flooding by levees. 
The Shire of Carnarvon’s planning 
scheme (Drake and Smith 1984) 
also identifies floodways based on 
the report by Sinclair, Knight and 
Partners (1981) which must be 
maintained free of development. 
 
Another major consideration is 
storm surge. Storm surge is the 
phenomenon of water inundation 
from the ocean caused by the 
combined effects of tidal, wind and 
wave action. It is associated with 
cyclonic weather conditions. Areas 
affected by possible storm surge 
are also defined by Sinclair, Knight 
and Partners (1981) and taken into 
consideration within the Shire’s 
planning scheme. 
 
Considering the options for urban 
development listed above, the last 
two are seen as having only long 
term potential because of their 
distance from the existing town 
(Planning and Coordinating 
Authority 1980). Despite being 
closer, South common is also 
considered to have only longer 
term potential (Drake and Smith 
1984) as it separated from existing 
urban areas by the airport and is 
subject to inundation during 
flooding. The upgrading of a 
peripheral road around South 
Common in the 1970s may have 
alleviated the previously existing 
risk of storm surge. 
 
Brown Range is flood free and 
could accommodate 1,000 
residential lots. However, it is 
disadvantaged by distance from the 
town (7km), relative isolation from 
existing urban areas, the lack of an 
all-weather access road, and less 
favourable climatic conditions 
(Department of Land 
Administration 1988). 
 
The Carnarvon Council, in town 
Planning Scheme No.10, con-
cluded that the direction of urban 
growth should focus on Secondary 
Island, east Carnarvon and 
Babbage Island. The council’s 
position was determined by a 
desire to expand on a continuing 
front and reinforced by climatic 
considerations, general community 
expectations and a desire to 
consolidate and enhance the 
functions of the central business 
district (Drake and Smith 1984). 
 
Secondary Island is now 
substantially developed and while 
the opportunity exists to further 
subdivide land within east 
Carnarvon, both these areas have 
limited capacity to accommodate 
substantial long term urban growth 
(Department of Land 
Administration 1988). 
 
 
 
 
Figure 17.
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Hence the primary focus by 
Carnarvon Council to provide for 
future urban growth has been 
directed at Babbage Island. 
Sinclair, Knight and Partners 
(1981) however, considered that 
major environmental and economic 
constraints to development of 
Babbage Island placed this option 
less favourably. 
 
Beyond the environs of the existing 
town, an additional future urban 
and industrial development site has 
been mooted. It is based around a 
proposal for a deep water port 
development at Bejaling Shoals 
some 20 km north of Carnarvon 
(Claughton 1986). The 
development potential of this area 
is based on conditions favourable 
for port construction, and on the 
availability of large areas of flood 
free land with proximity to the 
existing Lake MacLeod salt 
harvesting operations. The area for 
the purposes of this study was 
therefore extended beyond the 
boundaries of the Land 
Conservation District in order to 
provide land resource data which 
could assist any future urban or 
industrial planning. 
 
The requirements of urban land use 
may be listed as follows: 
 
Essential 
• Land should be free from 
effects of storm surge, 
flooding, wave erosion or 
slope instability 
 
• Land should not be susceptible 
to a high degree of erosion 
hazard (by wind or water) 
which would prohibit its 
sustained use, or cause off site 
effects detrimental to adjacent 
land users or the community 
 
Desirable 
• Soil depth and drainage 
conditions permit trench 
excavation for provision of 
services or deep sewerage 
without excessive cost 
 
• Land is sufficiently free from 
watelogging or inundation to 
provide easy access and on-
site trafficability  
• Land is not excessively saline, 
prohibiting tree, garden or 
lawn establishment 
 
If, however, septic tanks are used 
rather than a sewerage scheme, the 
list needs to include, as an essential 
requirement, the need for soils in 
the effluent disposal area to be 
sufficiently permeable and 
adsorptive to accept and purify 
effluent. Groundwater or surface 
water pollution should also be 
prevented if these resources are to 
be subsequently used for domestic 
purposes. 
 
The capability of land for urban 
uses can be assessed by comparing 
these requirements with the 
qualities or attributes of land 
described in the land resources 
survey. 
 
Results and recommendations 
 
Within the framework of this 
study, a rigorous assessment of 
land capability for urban uses was 
warranted only for Babbage Island 
and east Carnarvon. Detailed land 
resource mapping at 1:10,000 scale 
was conducted in both areas and 
reports have been published (Wells 
and Oma 1987, Wells 1989. 
 
On Babbage and Whitlock Islands* 
two types of land use were 
assessed; residential development 
with deep sewerage provided, and 
residential development with onsite 
disposal of septic tank effluent. In 
the east Carnarvon area the 
assessment was limited to soil 
capability for on-site effluent 
disposal. 
 
Detailed land resource mapping 
and a subsequent land capability 
assessment was not conducted for 
the broad area of land suggested by 
Claughton (1986) as having urban 
potential should a deep water port 
be developed at Bejaling Shoals. 
However, some general 
observations and recommendations  
 
 
 
 
*the area referred to as Babbage Island by 
the various planning studies and by Wells 
and Oma (1987) also covers Whitlock 
Island which lies between Babbage Island 
proper and the Fascine. 
can be extrapolated from the 
detailed study areas where 
mapping units are comparable (see 
Appendix 4 for correlations). 
 
Comments and recommendations 
relating to urban development are 
summarized under the relevant 
land systems as follows: 
 
Coast land system (Babbage 
Island and South Bejaling hill area) 
 
The major part of Coast land 
system consists of a series of 
undulating beach ridges (land unit 
Cs5) which is flood free. Given 
sufficient compaction, their deep 
sands provide a good foundation 
for housing. Wind erosion can pose 
a minor to moderate limitation to 
development during the 
construction phase. This should be 
overcome by: 
 
• clearing land during winter 
when winds are generally 
weaker and more variable than 
in summer 
• minimizing the time between 
land clearing and construction 
• staging of development to 
maintain vegetative cover for 
as long as possible; 
• cutting vegetation close to the 
ground where practicable 
rather than complete removal 
of surface vegetation 
• re-establishing ground cover 
once construction is 
completed. 
 
The sands of Coast land system 
may be either siliceous or 
calcareous. Siliceous sands occur 
close to the mouth of the Gascoyne 
River, having originally been 
transported and deposited by 
fluvial processes. They have been 
redeposited as beach sediments and 
then formed into dunes by the 
action of wind. The sands further 
from the river mouth are more 
calcareous. Neither the siliceous or 
calcareous sands readily purify 
septic tank effluent because of their 
very low clay content and very 
rapid drainage status. There is 
therefore a likelihood that a 
groundwater aquifer beneath 
unsewered urban development 
would be contaminated. However, 
as long as that aquifer was not used 
for urban water supply purposes, 
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and particularly if the net flow 
gradient for the aquifer was 
towards the sea, groundwater 
contamination might not be 
considered a limitation to urban 
development. 
 
The active foredunes (land unit 
Cs1) are highly susceptible to wind 
erosion, wave erosion and storm 
surge.  Secondary dune ridges 
(land unit Cs2) are also 
susceptible, but not to the same 
degree. These areas should not be 
developed, but should be managed 
to prevent sand drift to inland 
areas. Access roads or tracks to the 
beach require careful site selection, 
and fenced walkways are 
recommended where existing dune 
degradation is apparent. 
 
Littoral land system (Babbage 
Island and Bejaling area) 
 
Supratidal flats of the Littoral land 
system (land units Li2, Li3) have a 
low capability for urban use. The 
major limitations are: 
 
• inundation by flooding and 
storm surge 
• relatively high costs of 
development because of poor 
drainage, possible foundation 
instability, and the need to 
provide substantial fill 
material 
• low ability to absorb or purify 
septic tank effluent because of 
poor drainage and low 
permeability of surface clayey 
layers 
• highly saline nature of soils. 
 
 
In the intertidal zone (land unit 
Li4), these problems are more 
severe and the mangroves which 
colonize these areas should not be 
disturbed because they play a vital 
role in minimizing storm surge 
damage to adjacent areas through 
their baffling effect on incoming 
waves. The mangroves also 
stabilize coastline and river 
margins by trapping and binding 
sediments which would otherwise 
be scoured by swells and tidal 
action. 
 
If landfill of the Littoral land 
system does occur then sandy, free 
draining, non-saline material 
should be used to reduce the risk of 
any subsequent increase in 
salinization by capillary rise which 
would limit establishment of 
lawns, or other vegetation. 
 
River land system (east 
Carnarvon) 
 
If protected from flooding, most 
areas of River land system are well 
suited to urban development. 
Terraces below the main levee 
surface (land units Ri6, Ri7) are 
more susceptible to flooding than 
other parts of this land system and 
hence these are not recommended 
for urban development. 
 
Apart from flooding, the only 
constraint to urban development 
relates to the use of septic tanks on 
the heavier soil types (land unit 
Ri3) where effluent absorption 
might be restricted by slowly 
permeable subsoils. This is 
particularly likely in areas 
previously used for horticultural 
plantations. Under flood irrigation, 
subsoil compaction or hardpan 
development has been observed in 
some plantations (Burt 1985) with 
resulting decreases in soil 
permeability. 
 
Poor soil absorption of septic tank 
effluent could however, be 
overcome in these soils through 
appropriate design or site 
modifications. These might 
include: 
 
• increased lengths of leach 
drains for conventional 
systems (possibly requiring 
larger lot sizes) 
• use of alternating soil 
absorption systems 
• use of systems designed with a 
significant evapotranspiration 
component and with growth of 
appropriate shrubs or trees 
nearby 
• deep ripping and incorporation 
of gypsum into clay layers to 
improve permeability. 
 
In addition to these factors, the 
useful life of any effluent disposal 
system could be extended through 
a requirement for regular 
maintenance and emptying. 
 
Delta land system (South 
Common) 
 
Most areas of this land system are 
subject to inundation during 
exceptional floods and are 
characterized by erosion prone, 
saline alkaline duplex soils. Some 
areas near supratidal flats (land 
units De8, De9) are also 
susceptible to storm surge. 
 
Urban development of these areas 
is generally expensive as flood or 
storm surge protection, sewerage 
and substantial land fill are likely 
to be required. The soils are easily 
powdered and the prevailing south-
westerly winds can lift this 
material to form annoying dust 
storms. This problem is well 
known to Carnarvon residents and 
extensive efforts have gone into a 
rehabilitation and dust control 
programme for the south Common 
area where nearly 30%, or 390 ha, 
have been identified as being 
severely degraded (Watson 1988). 
The limitations on lawn or garden 
establishment, caused by the rise of 
saline water tables as a result of 
urban development, are also well 
known in Carnarvon (Anon 1980). 
 
As a result of these factors, urban 
development of areas of Delta land 
system is generally not 
recommended. If, however, 
development does occur, 
recommendations made in relation 
to erosion control for Coast land 
system, in relation to salinity and 
landfill for Littoral land system, 
and in relation to septic tank 
effluent disposal for heavier soils 
of River land system, also apply 
here. 
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Plant species index 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
List of species cited in this publication: 
Names according to Blackall, W.E. and Grieve, B.J. (1974). 'How to 
know Western Australian Wildflowers', Parts I, II, III; and Payne, 
A.L., Curry, PJ and Spencer, G.F. (1987). An inventory and 
condition survey of rangelands in the Carnarvon Basin, Western 
Australia. Technical Bulletin 73. Western Australian Department of 
Agriculture. 
 
Acacia coriacea  weeping acacia 
Acacia ramulosa  wanyu 
Acacia sclerosperma  silver bark wattle 
Acacia tetragonophylla  curara 
Acacia victoriae  prickly acacia or bardie bush  
Acanthocarpus preissii  -- 
Atriplex amnicola  swamp or river saltbush  
Atriplex paludosa  marsh saltbush  
Atriplex spongosia  pop saltbush  
Avicennia marina  mangrove  
Bulbine semibarbata  leek lily  
Capparis lasiantha  -- 
*Cenchrus ciliaris buffel grass 
Chenopodium auricomum swamp bluebush 
Cratystylis subpinescens sage 
Diplachne muelleri -- 
Eragrostis australasica swamp grass or cane grass 
Eucalyptus camaldulensis river red gum 
Eucalyptus coolabah coolibah 
Exocarpos aphyllus broom bush 
Frankenia pauciflora  common sea heath 
Hakea preissii needle bush 
Halosarcia halocnemoides samphire 
Halosarcia pruinosa samphire 
Helipterum splendidum showy sunray 
Heterodendrum oleaefolium  minga or rosewood  
Maireana aphylla  spiny bluebush  
Maireana platycarpa  low bluebush or shy bluebush  
Maireana polypterygia  Gascoyne bluebush  
Muehlenbeckia cunninghamii  swamp bush or lignum 
Muellerolimon salicorniaceum - -  
Nitraria billardierei  wild grape  
Olearia axillaris  coastal daisy bush  
Pimelea microcephala  mallee riceflower  
Ptilotus obovatus  cotton bush  
Rhagodia eremaea  tall saltbush or climbing saltbush 
Rhagodia latifolia  -- 
Rhagodia preissii  -- 
Sarcocornia quinqueflora  -- 
Scaevola spinescens  currant bush  
Scholtzia leptantha  -- 
Sclerostegia disarticulata  samphire  
Spinifex longifolius  beach spinifex  
Stylobasium spathulatum  pebble bush  
Tetragonia diptera  coastal spinacll  
Threlkeldia diffusa  wallaby saltbush  
 
*Introduced/alien species. 
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Appendix 1. Pasture types and pasture conditions 
 
 
Table A1.1 Summary description of pasture types of the survey area 
Pasture type Landforms, vegetation characteristics and pastoral values Condition 
Acacia sandplain 
(ACSA) 
Extensive sandplains and dunefields, also low sandy banks, deep red sands; 
tall moderately close shrublands or low woodlands of acacias with  
wanderrie grasses; moderate pastoral vlaue. 
Not normally susceptible to erosion pastures 
generally in good or fair condition.. 
Bluebush  
(BLUE) 
Alluvial plains, gently undulating limestone plains, footslopes and drainage 
floors, alkaline loams and duplex soils; low shrublands of Maireanna 
polypterygia, M. platycarpa and others with some tall shrubs; pastoral value 
high. 
Generally not highly susceptible to erosion, 
pasture condition varies from very good to poor. 
Currant bush mixed 
shrub (CBMS) 
Alluvial plains, deep alkaline duplex soils; mostly moderately close tall 
shrublands many shrub species, but dominated by acacias, eremophilas and 
cassias; high pastoral potential. 
Generally not susceptible to erosion, but some 
local areas of scalding and hummocking, pastures 
mostly degraded and shrub invasion common. 
Saltbush (SALT) Alluvial plains, tributary drainage plains and drainage floors. Saline loams, 
clays and duplex soils usually alkaline and > 1 m deep; low shrublands of 
Atriplex species and very scattered tall shrubs; high pastoral value when in 
good condition. 
Duplex soils are sensitive to erosion, scalding 
hummocking and rilling common on Delta land 
system, pasture condition varies from very good 
to severely degraded, shrub invasion common. 
Coastal dune shrub 
(CDSH) 
Coastal sandplains and dunes, mostly deep calcareous sands with some 
shallower sands over limestone; moderately close to closed low shrublands; 
high pastoral value. 
Very high inherent susceptibility to wind erosion 
on the Coast land system. 
Acacia creek-line 
(ACCR) 
Levees, banks, narrow drainage floors, drainage foci and groves, alluvial 
loams, clays and duplex soils; moderately close tall shrublands or woodlands 
of acacia and numerous other shrubs; high pastoral value. 
Some units moderately susceptible to erosion 
others stable, pasture condition varies from good 
to poor, occasional gullying and rilling on 
drainage floors and rills through degraded 
groves. 
Tussock grass 
(TUGR) 
Gilgai plains, drainage foci, swamp margins and alluvial plains, mostly clay 
soils > 1 m deep; tussock grasslands with sparse shrubs or grassy woodlands 
and shrublands; pastoral value usually high. 
Generally not susceptible to erosion, pasture 
condition mostly fair or good, buffel grass has 
ability to colonize and eventually stabilize many 
degraded sites, recently colonized sited with poor 
total cover are still seriously degraded. 
Samphire 
 (SAMP) 
Saline and gypsiferous plains, lake margins and banks, saline clays and 
loams, some sandy soils; low shrublands of samphire; low or very low 
pastoral value. 
Not susceptible to erosion except some sandy 
margins, highly saline; low potential pastures 
mostly in good or fair condition 
Table A1.2 Criteria for pasture condition ratings (after Payne et al., 1987)  
 Pasture condition  
Rating Condition indicators 
1.  Excellent or very good. For the land unit-vegetation type, the site’s cover and composition of shrubs, perennial herbs and grasses is near 
optimal, free of obvious reductions in palatable species or increases in unpalatable species liable to reduce production potential. 
2.  Good. Perennials present include all or most of the palatable species expected; some less palatable or unpalatable species may have 
increase, but total perennial cover is not very different from the optimal. 
3.  Fair. Moderate losses of palatable perennials and/or increases in unpalatable shrubs or grasses, but most palatable species and stability 
desirables still present; foliar cover is less than on comparable sites rated 1 or 2 unless unpalatable species have increased. 
4.  Poor. Conspicuous losses of palatable perennials; foliar cover is either decreased through a general loss of perennials or is increased by 
invasion of unpalatable species. 
5.  Very Poor. Few palatable perennials remain; cover is either greatly reduced, with much bare ground arising from loss of stability desirables, 
or has been dominated by a proliferation of unpalatable species. 
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Range condition rating method 
 
Derivation of range condition (after Payne et al., 1987) 
 
 
 
Table A2.1 Good range condition 
Total erosion + pasture condition = Range condition 
Nil + Excellent   
Nil + Good = Good 
Minor + Excellent   
Minor + Good   
 
Table A2.2 Fair range condition 
Total erosion + pasture condition = Range condition 
Nil + Fair   
Minor + Fair = Fair 
*Moderate + Excellent   
*Moderate + Good   
     
* Combinations not encountered in the field – although theoretically 
possible they are unlikely to be encountered. 
Table A2.3 Poor range condition 
Total erosion + Pasture condition = Range condition 
Nil + Very poor   
Nil + Poor   
Minor + Very poor   
Minor + Poor   
Moderate + Very poor   
Moderate + Poor = Poor 
Moderate + Fair   
Severe + Very poor   
Severe + Poor   
Severe + Fair   
*Severe + Good   
*Severe + Very good   
* Combinations not encountered in the field. 
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Legend to land resources map 
Brown land system 
 
Sandy plains with sparse longitudinal dunes, supporting tall 
shrublands of acacias: 
Land units Salient features 
Br1 Longitudinal dune ridges mainly oriented N-S. 
Br2 Sandplain and gently undulating dune footslopes with 
siliceous sands. 
Br2a Sandplain and gently undulating dune footslopes with 
calcareous sands. 
Br3 Large swales and interdunal depressions. 
Chargoo land system 
Flat saline alluvial plains and large claypans subject to temporary 
inundation; low shrublands of saltbush/bluebush and tussock 
grasslands: 
Land units Salient features
Cg1 Playa or extensive claypans with non-cracking clays and 
tussock grasslands. 
Cg2 Playa or swampy drainage depressions with non-
cracking clays and saltbush. 
Cg3 Swampy drainage depressions, with cracking clays, 
saltbush and common gilgai microrelief. 
Coast land system 
Coastal dunes and undulating beach ridge plain: 
Land units Salient features 
Cs1 Primary foredunes. 
Cs2 Secondary dune ridge. 
Cs3 Gently undulating hind dune flats. 
Cs4 Tertiary dune ridge. 
Cs5 Undulating beach ridges (extensive). 
Cs6 Sand sheets overlying limestone plain. 
Cs7 Sand sheets overlying alluvial floodplain. 
Cs8 Sand sheets overlying supratidal flats. 
Delta land system 
Floodplains of the Gascoyne River with predominantly saline soils, 
and supporting low shrublands of bluebush and saltbush, widely 
degraded and eroded: 
Land units Salient features 
De1 Sandy alluvial plains and broad sandy banks; mainly 
sands with acacia vegetation. 
De1a Similar to De1 but subsoils are highly calcareous. 
De2 Alluvial plain; mainly duplex soils with sand to sandy 
loam surfaces; saltbush. 
De2a Similar to De2 but subsoils are highly calcareous. 
De3 Alluvial plain; gradational and duplex soils with loam to 
clay loam surfaces; saltbush. 
De3a Similar to De3 but subsoils are highly calcareous. 
De4 Alluvial plain; variable, mainly duplex soils; moderately 
eroded. 
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De4a Similar to De4 but subsoils are 
highly calcareous. 
De5 Alluvial plain with many scalds; 
severely eroded. 
De6 Claypans and discrete scalds with non-cracking clays. 
De7 Channelled drainage zones; acacia vegetation. 
De8 Alluvial plain; duplex soils shallowly overlying or 
merging with supratidal flat sediments; samphire. 
De9 Alluvial plain; non-cracking clays shallowly overlying 
buried, usually calcareous sands. 
Littoral land system 
Tidal and supratidal flats, sandy islets and mangrove fringes: 
 
Land units  Salient features 
Li1 Small longitudinal dunes and sandy islets. 
Li2 Supratidal flats supporting samphire. 
Li3 Supratidal flats with only minor vegetation; lower than 
Li2. 
Li4 Intertidal flats and mangrove fringes. 
Lyell land system 
Sandplains and reticulate dunes and saline interdunal plains 
supporting tall and low acacia shrublands and saltbush (only minor 
area represented here): 
Land units Salient features 
LL1 Low dunes with yellowish brown calcareous sands. 
LL2 Sandplain, swales and margins of dunes. 
MacLeod land system 
Broad saline plains, with sandy banks and low rises above saline 
slopes and bare mudflats; bare surfaces and low 
shrublands of samphire and saltbush: 
Land units Salient features 
Mc1 Saline plains with calcareous sands shallowly overlying 
gypsiferous hardpan. 
Mc2 Saline plains with clay loams or clays over buried soils 
or hardpan. 
Mc3 Claypans and mudflats. 
Mc4 Sandy banks, sandsheets and sandy islets within 
mudflats. 
River land system 
Narrow, active floodplain levees of the Gascoyne River, supporting 
moderately close tall shrublands or woodlands of acacias and 
fringing communities of coolibah and river gum; predominantly non 
saline soils: 
 
Land units  Salient features 
Ri1 Terrace plains, levees and backplains; mainly red earthy 
sands; sandy surface texture. 
Ri2 Terrace plains, levees and backplains; mainly red earthy 
loams; loam or clay loam surface. 
Ri3 Terrace plains, levees and backplains; non-cracking 
clays. 
Ri4 Channelled drainage zones within or adjacent to main 
levee surface. 
Ri5 Elongate sand dunes and sand ridges (prior levees). 
Ri6 very low flood scoured terraces and channels. 
Ri7 Low terraces and sandy islets above Ri6 but below 
terrace plain. 
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Sable land system 
Nearly flat alluvial plains with occasional sandy rises, low 
shrublands of saltbush and Gascoyne bluebush and some acacia 
shrublands: 
Land units Salient features 
Sb1 Alluvial plain underlain by limestone; calcareous red 
duplex and calcareous gradational soils. 
Sb1a Eroded margins of Sb1 (moderate). 
Sb2 Alluvial plain with non-calcareous sandy surfaced red 
duplex soils; bluebush. 
Sb3 Alluvial plain similar to Sb2 but with more acacia 
shrubland. 
Sb4 Claypans and seasonally inundated drainage foci. 
Warroora land system 
Saline alluvial plains with minor areas of sand and limestone, 
supporting tall acacia shrublands of saltbush, bluebush and 
samphire: 
Land units Salient features 
Wr1 Sandplain and sandy banks with open acacia shrubland. 
Wr2 Sandplain with low, or low open, shrubland of saltbush. 
Wr3 Alluvial plain with calcareous duplex and gradational 
soils over buried calcareous sands within 1 m. 
Wr4 Alluvial plain with shallow clays overlying calcareous 
sand and then limestone within 1 m. 
Wr5 Saline plain with very shallow clays or loams over 
hardpan. 
Wr6 Sandplain with calcareous sands overlying limestone 
within 1 m. 
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Correlation of land units with previous mapping 
Table A4.1 Correlation of land units with those of Payne et al. 
(1987) 
Land system Land unit (this study) 
Land unit¹ (Payne et al. 1987) 
(nearest equivalent) 
Brown Br1 
Br2 
Br2a 
Br3 
Br1 
Br2 
Br2 
Br3 
Chargoo Cg1 
Cg2 
Cg3 
Cg3/5/6? 
Cg2/5? 
Cg3/5? 
Coast Cs1 
Cs2 
Cs3 
Cs4 
Cs5 
Cs6 
Cs7 
Cs8 
Cs3 
Cs1 
Cs2 
Cs1 
Cs1/2 
Cs5 
De1? 
Li1? 
Delta De1/1a 
De2/2a 
De3/3a 
De4/4a 
De5 
De6 
De7 
De8 
De9 
De1 
De2/3 
De2/3 
De3/2 
De3 
De4 
De9 
Li2, De8 
De3 
Littoral Li1 
Li2 
Li3 
Li4 
Li1 
Li2 
Li3 
Li4 
Lyell LL1 
LL2 
LL1 
Ll2 
MacLeod Mc1 
Mc2 
Mc3 
Mc4 
Mc2 
Mc2 
Mc4 
Mc1 
River Ri1 
Ri2 
Ri3 
Ri4 
Ri5 
Ri6 
Ri7 
Ri2 
Ri1 
Ri1? 
Ri3 
Ri2? 
Ri3 
Ri2 
Sable Sb1* 
Sb1a* 
Sb2 
Sb3 
Sb4 
Sb3, Wr1? 
Sb3, Wr1? 
Sb3 
Sb2 
Sb5/7? 
Warroora Wr1 
Wr2 
Wr3 
Wr4 
Wr5 
Wr6 
Wr2 
Wr2 
Wr4 
Wr3 
Wr1/4 
Wr2? 
¹ These land units were described, but not mapped, within the Carnarvon 
Basin. 
* These land units occur on Trealla limestone and hence they could logically 
have been called part of Warroora land system. They have been included 
here since they are of limited extent, occur a long way from any other areas 
of Warroora, and to coincide with earlier land system mapping (Payne et al. 
1987) which called these areas Sable. 
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¹ Wells and Bessell-Browne (1990). 
² Wells and Oma (1987). 
³ Wells (1989). 
4 Wells et al. (1989). Mapping of this area was 
conducted using mainly 1980 black and white 
aerial photos. the mapping reported here is 
considered to be more accurate, particularly with 
respect to erosion status, since it was conducted 
with 1987 colour aerial photos. 
 
 
Table A4.2 Correlation of land units with map units used in associated 
detailed land resource studies 
Study area Detailed map unit 
Land unit 
(nearest equivalent) 
Irrigation area¹ G1 
G1c 
G1+ 
Gm 
Gmc 
Gm+ 
Gh 
Ghc 
Gh+ 
Ghd 
Gtl 
Gtm 
Gtd 
Gsc 
Gdz 
Gg1 
Gg2 
Gr 
C 
Ce1 
Ce2 
Csc 
Cdz 
Cdp 
Cr 
GC1 
GC2 
GC3 
Br 
Bsp 
Ri1 
Ri1 
Ri1 
Ri2/3 
Ri2/3 
Ri2/3 
Ri3 
Ri3 
Ri3 
Ri3 
Ri7, Ri6? 
Ri7, Ri6? 
Ri6 
Ri4 
Ri4 
Ri4 
Ri4 
Ri5 
De2 
De4 
De5 
De7 
-- 
-- 
De1 
Ri1/2? 
De2? Ri1/2? 
De3? Ri2/3 
Br1 
Br2 
Babbage Island² CsA 
CsB 
CsC 
CsD 
CsE 
CsF 
CsG 
CsH 
CsI 
CsJ 
Lia 
LiB 
LiC 
LiD 
LiE 
LiF 
LiG 
LiH 
LiI 
LiJ 
-- 
Cs1 
-- 
Cs2 
Cs4 
Cs4 
Cs5 
Cs6 
Cs6 
-- 
-- 
Li4 
Li4 
Li2/3 
Li2/3 
Li2 
Li2 
Li2 
Li2/3 
Li1 
East Carnarvon³ A 
B 
C 
D 
Ri5 
Ri5 
Ri2 
-- 
Loc. 228, 229 
North common4 
DeA 
DeB 
DeC 
DeD 
DeE 
DeF 
DeG 
DeH 
DeI 
RiA 
RiB 
CgA 
CgB 
BrA 
BrB 
De1 
De2 
De2/3 
De4 
De3 
De5 
De4 
De6 
De7 
Ri2 
Ri4 
Cg1 
Cg3 
Br1 
Br2 
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Location reports 
 
Table A5.1 Reserve 6084 
  Recommended carrying capacity 
Land unit Area (ha) Present condition Good condition 
  Ha/s.u. No’s. Ha/s.u. No’s. 
Br1  160.0  17  9  12  13 
Br2  222.0  17  13  12  19 
Cg1  83.0  27  3  12  7 
Cg2  130.0  8  16  5  26 
Cg3  37.0  13  3  5  7 
Cs1  48.0  0  0  0  0 
Cs2  112.0  16  7  16  7 
Cs3  49.0  8  6  8  6 
Cs4  24.0  16  2  16  2 
Cs5  1304.0  12  109  8  163 
Cs6  4.0  8  1  8  1 
Cs7  135.0  8  17  8  17 
Cs8  16.0  8  2  8  2 
De1  56.0  11  5  8  7 
De2  261.0  14  19  10  26 
De3a  138.0  14  10  10  14 
De4  155.0  30  5  10  16 
De5  369.0  0  0  0  0 
De7  22.0  21  1  3  7 
De9  10.0  34  0  25  0 
Li3  26.0  38  1  25  1 
Wr4  10.0  7  1  5  2 
Wr6  17.0  11  2  5  3 
Total  3388.0   232    346 
      
      
Table A5.2 Location 227 
  Recommended carrying capacity 
Land unit Area (ha) Present condition Good condition 
  Ha/s.u. No’s. Ha/s.u. No’s. 
Cg2  27.0  8  3  5  5  
Cg3  7.0  13  1  5  1 
Cs1  117.0  0  0  0  0 
Cs2  125.0  16  8  16  8 
Cs3  27.0  8  3   8  3 
Cs4  60.0  16  4  16  4 
Cs5  823.0  12  69  8  103 
Cs7  104.0  8  13  8  13 
Cs8  258.0  8  32  8  32 
De1  54.0  11  5  8  7 
Dela  36.0  6  6  5  7 
De2  77.0  14  6  10  8 
De3  2.0  8  0  10  0 
De4  737.0  30  25  10  74 
De5  328.0  0  0  0  0 
De6  6.0  50  0   15  0 
De7  83.0  21  4  3  28 
De8  53.0  80  1   25  2 
De9  92.0  34  3  25  4 
Li1  144.0  14  10   8  18 
Li2  367.0  31  12   25  15 
Li3  632.0  38  17   25   25 
Li4  88.0  0  0   0   0 
Ri1  123.0  6  21   1   123 
Ri2  11.0  5  2   1   11 
Ri5  45.0  36  1   24   2 
Total  4426.0    246     493 
 
 
Appendix 5. (Continued) 
Table A5.3 Location 228 
  Recommended carrying capacity 
Land unit Area (ha) Present condition Good condition 
  Ha/s.u. No’s. Ha/s.u. No’s. 
Cg1  42.0  27  2  12  4 
Cg2  1.0  8  0  5  0 
Cg3  7.0  13  1  5  1 
De1  338.0  11  31  8  42 
De2  505.0  14  36  10  51 
De3  69.0  8  7  10  7 
De4  398.0  30  13  10  40 
De5  352.0  0  0  0  0 
De6  48.0  50   1  15  3 
De7  14.0  21   1  3  5 
Ri1  24.0  6   4  1  24 
Ri2  33.0  5   7  1  33 
Ri4  7.0  16   0  3  2 
Total  1838.0   103    212 
      
      
Table A5.2 Location 229 
  Recommended carrying capacity 
Land unit Area (ha) Present condition Good condition 
  Ha/s.u. No’s. Ha/s.u. No’s. 
Br1  124.0  17  7  12  10  
Br2  46.0  17  3  12  4 
De1  28.0  11  3  8  4 
De2  500.0  14  36  10  50 
De3  51.0  8  6   10  5 
De4  371.0  30  12  10  37 
De5  75.0  0  0  0  0 
De6  12.0  50  0  15  1 
De7  145.0  21  7  3  48 
Ri1  6.0  6  1  1  6 
Ri2  25.0  5  5  1  25 
Ri4  13.0  16  1  3  4 
Total 13   81   194 
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Table A5.5 Location 319 
  Recommended carrying capacity 
Land unit Area (ha) Present condition Good condition 
  Ha/s.u. No’s. Ha/s.u. No’s. 
Br1  136.0  17  8   12  11  
Br2  214.0  17  13  12  18 
Cg1  50.0  27  2  12  4 
De1  154.0  11  14  8  19 
De2  43.0  14  3  10  4 
De2a  44.0  16  3  10  4 
De3  87.0  8  11  10  9 
De4  610.0  30  20  10  61 
De4a  107.0  32  3  10  11 
De5  1224.0  0  0  0  0 
De6  32.0  50  1  15  2 
De7  10.0  21  0  3  3 
Ri2  1.0  5  0  1  1 
Sb1  168.0  10  17  10   17 
Sb1a  34.0  32  1  10  3 
Sb2  359.0  20  18  10  36 
Sb3  48.0  10  5  10  10 
Sb4  25.0  16  1  5  25 
Total  3346.0   120    238 
      
      
Table A5.6 Location 385 
  Recommended carrying capacity 
Land unit Area (ha) Present condition Good condition 
  Ha/s.u. No’s. Ha/s.u. No’s. 
Br1  8.0  17  0  12  1
Br2  14.0  17  1  12  1 
De2  36.0  14  3  10  4 
De3  1.0  8  0  10  0 
De4  125.0  30  4   10  13 
De4a  8.0  0  0  10  1 
De5  78.0  50  0  0  0 
De7  36.0  21  2  3  12 
Ri1  9.0  6  2  1  9 
Ri2  29.0  5  6  1  29 
Ri3  111.0  5  22  1  111 
Ri4  18.0  16  1  3  6 
Total  472.0    41   187 
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Map 
 
One map sheet accompanies this report. 
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